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Complete Hoist Control 
without Mechanical Braking 


The new Metrovick system of AC Crane Hoist Control 
employs two identical slipring induction motors, permanently 
geared to the hoist motion and running at the same speed 
These motors running in conjunction give 


% Creep speeds hoist and lower, varying little with load 
% Slow light hook speeds 

* Electric braking when lowering 

* Lively hook on lowering notches 


METROPOLITAN - VICKERS 
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*Leading Electrical Progress 
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PRECISION 


Greater productivity is only possible 
when the precision and accuracy of all jigs, 
fixtures and gauges are of the highest 
order. The modern specially laid out 
shops of G.P.A., allied to the finest 
standards of workmanship constitute your 
guarantee. We welcome your enquiries. 








G.P.A. TOOLS & GAUGES LTD. 


neiiiiinan Office iat Works : | ii PY ipa . | 
HARPER ROAD, WYTHENSHAWE, MANCHESTER Tel. WYTHENSHAWE 2215 (3 lines) 


Grams: Pneutools. Phone Manchester 





now 


WRITE FOR 
A 
NEW BOOKLET 
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LAWRENCE RO-TOTTENHAM LONDON NIS 
PHONE “STAMFORD HILL 4237 











provides 
a great service 
to industry 


* Airflo”’ means experience—experience of dust and fume removal and 
ventilating and plenum heating gained over a long period of years under 
all working conditions. It is this experience that has enabled our 
engineers to develop new and more efficient techniques with the result 
that every “ Airflo” unit does a 100% job with utmost economy. 
Install ‘* Airflo ’’ equipment and you buy the experience that ensures 

a successful job. 


SEND NOW for literature dealing 
with “ Airflo” products. If you have any 
ventilating or dust collection problems 
tell us about them. Our technicians can 
help you. 
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! Airflo Weldir 


perfect working surface 


brazing and soldering 
away trom operator 
plete with motorimed 
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Seiten rial Fan & Heater Co Lid 
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WESTON OIL SEALS 


OcC 


There are types and sizes for every purpose. 
Over twenty years’ experience is at your service. 





Write for catalogue to: 
CHARLES WESTON & CO. LIMITED 
Irwell Bank Works - Douglas Green - Pendleton - Salford 6. 


Telephone : Pendleton 2857-8-9 Birmingham: Midland 6952 
London: Holborn 0414 
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Ford industrial engines are a practical proposition for 


many industrial equipments... compressors, cranes, 
pumps, contracting equipment, earth borers, generators, 
railcars, welding plant, works trucks, tractors and 
conversions. Simple design, modern flow-line production 
methods and common interchangeable parts contribute 
to the low cost of these high efficiency engines. And 
remember, every Ford engine is fully backed by a 
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Wherever you are, whatever your problem, we are at your service. For further details of 


9980) 


and the equipments they power, contact your nearest Ford Dealer or write to 





industry 


World-wide Spare Parts Service Organisation, Tak« 
your choice from a wide power range . Diesel 30 to 
86 b.h.p. and Petrol 21 to 87 b.h.p. (12-hr. rating) 

DIESEL ECONOMY—)have you considered Ux 
replacement of existing power units in your equipment 
and trucks with the famous Ford 4D Diesel engine ’ 

You'll have the unique advantages of economy, long-litc 


andlowrunning costs... plus the best service inthe World 





INDUSTRIAL 
ENGINES 


FORD MOTOR COMPANY LTD - PARTS DIVISION - AVELEY DEPOT - SOUTH OCKENDON - ROMFORD ESSEX - ENGLAND 
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EXPERTS IN THE IMPOSSIBLE 


In our investment casting foundry we regularly turn out castings that many people would 
consider impossible. The explanation is that for years we have been intensely interested in this 
method of producing intricate and accurate shapes in difficult metals, with the result that 
we now possess the techniques, the equipment and the right men for the job. 
Here you see an expert in precision foundry work checking the contours of a Napier turbine 
blade against a master form. The same skills called for in our aero engines, miarine engines 
and guided missiles are applied to the thousands of castings we make each week for 
products as different as heavy automatic machinery and mechanical toys. 
If you are trying to cut the cost of manufacturing a complex shape ina 
difficult-to-machine metal, why not let us work out the cost of an investment casting for you? 
It will almost certainly be cheaper and it may easily show welcome improvements in 
other directions—e.g. strength, weight, finish. And talking about finish; we can offer you 
complete finishing, including machining if you 


require it. Why not let us send you a copy of our 
illustrated book on ‘‘Napier Investment Castings’’? 
FOR THE FINEST INVESTMENT CASTINGS 
D. NAPIER & SON LIMITED - LONDON .« W.3. 
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Temperature Relay 


The 596 High Temperature Relay is capable o 
continuous operation inambient temperature 


of up to 302 F. or 150°C. The coi] voltage is up 
to 75 volts D.C. and the contact rating ts 
3 amps. at 250 volts A.C. The contact current 
rating may be increased when operating in 


pelow 


ambient temperatures maximum 


Magnetic Devices 


A510 sn 488 aPrROrO 


ave. 


EXNING ROAD, NEWMARKET, SUFFOLK 
Telephone: Newmarket 3186123 
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Mirrlees 
Diesel Power 


jor Chile 





Until February 19 ¢¢ the town Already the installation has proved ver 
Y 1965 ; I ‘i 

of Arica suffered from anacute — successful and prov ides yet another example 

power shortage. The Chilean — of the way inwhich Mirrlees Diesel Engines, 


State Railways remedied this by reason of their robust construction and 





by installing three Mirrlees marked reliability, are opening up new 
g y, pening uy 





KS8 supercharged, 4 stroke opportunities the world over. 

vertical heavy oil engines each = Mirrlees Diesels are second to none in their 
developing 1425 bhp at 428 rpm on site — design and performance 
and direct coupled to a Brush tooo kW These engines are backed by Mirrlees 
alternator. This order was secured by world-wide service, 


Mirrlees in face of heavy competition available anywhere 


from the Continent and U.S.A. at any time. 





MIRRLEES, BICKERTON AND DAY LIMITED 
A Member of the BRUSH Croup 
HAZEL GROVE °* STOCKPORT. - CHESHIRE d ' es els 


Tel.: Stepping Hill 3841 (14 lines) "Grams: ‘“Mirrlees Telex, Manchester” 
14 
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l | RIGHT UP OUR STREET! 


han. 


You don’t find these air compressor rotors 
being turned out every day. We've not been 
making them long ourselves. But we've been thinking 
about them for ages. In working out a manufacturing technique, our 
long experience in the production of accurate worm gears was an 
invaluable asset. We have now developed an entirely new machine for the 
exclusive production of rotors and high lead angle pump screws. 
If you've got a job of this sort... you're right up our street! 


Holroyd 20of2d 


90 YEARS OF GEARS With acknowledgement to 


James Howden Ltd., for whom 


we made the above rotors 





JOHN HOLROYD & COMPANY LTD., MILNROW, LANCE TELEPHONE MILNI ” 
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PNEUTOMATION 


Registered Trade Mark 


At WOLKK is seic serine 


machine at Messrs. S. & H. McLaren 









Ltd. of Leeds is another 
example of how 


Pneutomation is increasing 








output and cutting costs. 


(LANG PNEUMATIC 
CONTROL GEAR 


entirely non-corrodible 





>L ANG PNEUMATIC —” 


Te 


VICTORY WORKS BIRMINGHAM ROAD WOLVERHAMPTON 
P.150 
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INVALUABLE IN EVERY FIELD OF INDUSTRY 







COSSOR 
OSCILLOGRAPHS 


Trial-and-error methods of 
fault evaluation are outmoded, inaccurate and 
expensive. With a Cossor Oscillograph, the modern 
Engineer is armed with an instrument that will 
display, measure and time the action of his electrical 
or mechanical machinery with precision, speed and 
certainty. It is worthwhile, therefore, to 

investigate the possibilities of these versatile 


‘ instruments in your Industry by writing to 


COSSO R ees MENTS LIMITED 


nstrument Company 


COSSOR HOUSE - HIGHBURY GROVE + LONDON, NS 


ci 104 Telephone: CANonbury 1234 (33 lines) Telegrams: C« tr, Norphone, London Cables: Cossor, Lond 
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Heavy Electrical Plant 


serves the industries of the world 


BRITISH THOMSON-HOUSTON 


THE BRITISH THOMSON-HOUSTON CO. LTD. - RUGBY - ENGLAND. 
Member of the AE! group of companies 


A4836 
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+esthe modern method of hydraulic installation 


No more inefficient and unsightly long -— 

pipe runs when you use a Keelavite Keel aV iTe 
power pack. Just couple the pack to the 
actuators and the complete system is 
ready for operation. 

Packs are assembled from standard units 
of equipment to meet specific power and 


control requirements. ca +] w E R P A Cc K s 


THE RECOGNISED AUTHORITY ON HYPRAULIC POWER TRANSMISSION 


KEELAVITE ROTARY PUMPS & MOTORS LTD. ALLESLEY COVENTRY SNGLAND 
Tel: MERIDEN 46 "Groms | KEDLAVITE Coveney 
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TAYLOR, TAYLOR & HOBSON LTD., LEICESTER 
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or your technical Library 





A new series of Brochures on 





BE. A /!> rex ¢ cs ae 
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A : Se fa & 
*ublication No. 1 4284 Anti-Scuffing Oil enables Molybdenun heat in drilling, reaming and ta ng stainles 
Disulphide to be used in circulating systems, oi steel, alloy steels, nickel and titar H 
ANTI-SCUFFING PASTE AND lubricators and so on engthened tool life up to 30 times 
ANTI-SCUFFING OIL 
Anti-Scuffing Paste is the most effective means of Publication No. 2 Publication No. 3 
applying Molybdenum Disulphide for dry TD. 
ubrication. Used where ordinary oils and _ R.T.0. COMPOUND MOLYBDENISED LUBRICANTS 
greases cannot be applied. Withstands immense The modern cutting medium for severe meta! The remarkable anti-friction and pressure resist 
yeat and pressures, and has remarkable anti- operations. Consists entirely of additives, and ing properties of Molybdenum Disulphide have 
seize properties. Approved under D.T.D. 900 counters the effects of high pressure and frictiona been incorporated in a wide range of specialised 


lubricants, which are dealt with tn this Brochure 


Publication No. 4 
WATCH AND CLOCK OILS 


a 2*s 
74 dt’ 









A complete range for the Horological and 
Instrument Engineer, based on the best Cont 
nental blends agd improved by up-to-dat 
refining methods. Includes a series of synthet 
oils which remain fluid down t& 65°C; and 


id 
4 ROCOL My Molybdenised Oils in all viscosities 


LIMITED 


RAD. 
cgurOuNd | 


* , Publication No. § 
A KILOPOISE LUBRICANTS 


Extreme viscosity lubricants to damp free moti 
and ensure a slow, even action in such con 
ponents as optical focusing movements, variable 
condensers and potentiometer spindles. Widely 
used throughout the optical, instrument, radi 
gud east tronic industries Special grades available 

Ww use as Core Locking Comp nds on LPT 
— other Electronic assemblies 











sCANT 
TAP AND DRILL LUBRI , Publication No. ® 
REAMER STING COMPOUND ad 
soem, ADDITIVE MOLYTONE GREASE 
Actually a series of specialised lubricants ' 
bining Rocol Bentone Grease and Molybdenum 
Disulphide. These greases have no melting point 
and are effective from below rero to 450° FF. The 
a withstand tremendous pressures and provide 
; positive lubrication even in starved cond 
tions They possess itstanding anti-friction 


properties 


mee eee 
— Writeto BR Bek Gea Ge ahour l CMRIC ATION 


oo | “1 1yy, Pp These Brochures are available fr 
y 7.3 ROCOL LTD 


1BEX HOUSE, MINORIES, LONDON 
£.C.3. Telephone: ROYVa! 4372 











WATCH & C \ 
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er ROCOL HOUSE, SWILLINGTON,. 
Nr LEeeos 
Telephone : Garforth 7241/2 





cot - ~ 

noc Simon 

. “ oe 

- ee — 
ao 


JANUARY, 1958 Volume 19, No. | Ai} 





Light Alloy “Grundycan” 
welded with Saturn-Hivolt 


Surge Injector Welding Units 


One of the finest light alloy churns available, the ‘‘Grundycan’’, is welded throughout 
by the Argon Arc process using Saturn-Hivolt Surge Injector equipment. Saturn 
cutting and welding equipment has, for many years, played a big part in industry. 
The new Saturn-Hivolt Argon Arc Welding Machines and Saturn High Purity Argon 
offer the finest welding of aluminium and its alloys and stainless steel. Let us show 
you the complete range supplied and maintained from our many branches through- 
out the country. 


SATURN INDUSTRIAL GASES LTD 


Saturn Works, Gordon Road, Southall, Middlesex. Phone: Southall 5611 





BRANCHES: 
GLASGOW - BIRMINGHAM + MANCHESTER: SHEFFIELD 
LYMINGTON - SUNDERLAND - THORNABY-ON-TEES 
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‘* 476 ’’. For tools operating under severe conditions of wear 
and abrasion or when maximum runs are desired. Air 
hardening, machinable. Applications include dies and punches 
for blanking steel sheet and plate, high silicon transformer 
materials, stainless steel and iron, brass, copper, zinc. Also 
for deep drawing dies, cupping dies, forming dies. 


‘*L.T.A.H.”” Deep hardening in air at 840 deg./860 deg. C. 
with minimum distortion. Tough and abrasion resistant. 
Low decarburization. Machinable. Specially for tools of heavy 
or intricate section, heavy forming dies, blanking dies, trim- 
ming dies, notching dies, heavy duty punches, spindles, 
stripper plates, bending tools. 


‘SABEN’ 





e 
SABEN 


PRODUCT 


HIGH SPEED STEELS, 


SANDERSON 





**$.C.V."" A hard tough steel which resists sinking. For 
cutting dies, drawing and rivet dies, stamping and blanking 
dies, pressing dies, coining dies. 


“ NEWHALL”. An oil hardening non-deforming steel 
Has a wide range of applications in press tool work when it is 
not desired to use more highly alloyed steels 


‘PAX No. 2”. Shock resisting steel with high impact 
strength and good wear-resistance. For punches and dies used 
on thick gauge materials and subject to heavy shock 


HOT WORK STEELS 








SANDERSON BROTHERS AND NEWBOULD LIMITED, ATTERCLIFFE STEELWORKS, P.O. BOX 6, NEWHALL ROAD, SHEFFIELD 9 
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Find out the facts 


it’s time you put 








~ 


tl < 
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your machine tools jn their place 


Who’s the master in your machine shop—you or 
the machines? Before you answer, think how many 
times your planning has been modified or thrown 
out by natural immobility of a machine. Remem- 
ber the machine that took two days to move? The 
machine that wrecked a floor? The machine that 
neeced ten men to install it? The machine that 
wouldn't fit in with your production planning? 

Machines are the bosses too often. The way to 
master them is to put “era where they belong—on 
‘“*BARRYMOUNT” Levelling Mounts. Then 





Tyee keene 





Alé 


MADE 


BARRY 


FR S.A 
Om BARRY CONTROLS inc OF U 
LEVELLING MACHINE MOUNTS 
“BARRYMOUNT™ and “BARRY B MOUNT” are Reg 


from Cementation (Muffelite) Ltd., 20 Albert Embankment, London, S.E.11. 


you're the boss. You can have them where you 
want them in a fraction of the time... get better 
work from them... replace them in minutes when 
they break down. No more bolting down for fear 
they'll walk out of the shop. No shimming. No 
more structure-borne vibration. No more work 
spoilage. Less operator fatigue. 

You want to know more? Then get on to 
Cementation (Muffelite) Ltd.—first step to get 
your machines on to *“*BARRYMOUNT” 
Levelling Machine Mounts. 


Machine tools belong on 


yn ENGLAND UNDER LICENCE 


MOUNT 


tered Trade Marks. 
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Tel. Reliance 6556 


DIGEST’ 








You thoroughly understand the function of your product. 
We thoroughly understand die casting problems. 

Combining the two skills at an early period is logical and 
valuable. 





ee 








| TELEPHONE CAR 


LISLE 21418 





ENGINEERING DIVISION 


ILL ROAD 
DURRANHIT LE 
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— signifying .. . 
SKILL IN DIECASTING MECHANICS... and... 
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This isa 
protected 
bearing 


RIV Sealed Rigid Ball Bearings 
incorporate Seals within the boundary 
dimensions of standard bearing 
Full details of the unique feature 
embodied in the design of these 
bearings are available trom the 


Concessionaires 


WA 


Z 
z 


RIV Bearings are manufactured by 
RIV, Officine di Villar Perosa, S.p.A., Turin, Italy 
SOLE CONCESSIONAIRES IN THE UNITED KINGDOM AND EIRE 


Revolwo Ltd. 


399-405 EDGWARE ROAD, LONDON, W.2. TEL. PADDINGTON 4017-8-9 
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offer a complete range of 
pneumatic gauging equipment 





The importance of the announcement that Teddington 
are manufacturing, in technical collaboration with 
Moore Products of Philadelphia, a range of pneumatic 
gauging equipment lies in the fact that for the first time 
British industry is offered a complete range covering 
manual and automatic gauging and complete automatic 
machine control. The major advantages of speed, accu- 
racy and robustness are common to each application. 


In brief... 
* magnifications up to 12,500 
* great accuracy — repeatability within 1°, of scale range 


%* positive operation — high pressure system unaffected by 
dirt or coolant on the work 


* high wear tolerance — up to 0.003” without affecting 
accuracy. 


q MANUAL 


Single and multiple gauging of dia 
meters, taper, thickness, straightness 
and other dimensions 














AUTOMATIC High speed multi-dimensional gauging 


machines with automatic segregation of work and feed-back 
signals for machine control. 


MACHINE CONTROL “In process” or “post process” 


gauging with 5 stage feed-back signalling. 


Write for further details available in leaflet A & I/ED/101. 
TEDDINGTON INDUSTRIAL EQUIPMENT LTD 
SUNBURY-ON-THAMES, MIDDLESEX <2 
Telephone: Sunbury-on-Thames 600 (9 lines) ow 
Grams & Cables: Teddequip, Sunbury-on- coat 
Thames, Telex Telex: 22742 Teddcontsnbry. -- 


Tie se 
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Don’t take risks... 


When it comes to Gear and Transmission problems you 
cannot afford to adopt the “ William Tell" hit or miss 
method. In this day and age it nays to call in P. R. Motors 
recognised the world over for Accuracy, Precision and 
Ability to deal efficiently with difficult projects 


Apart from special objectives, there is always the standard 
range of Automotive and Industrial Gear Boxes 


THE GEAR SPECIALISTS 








Cut, ground or shaved Spur and Helical Gears. Ground 
Worms and Splines Bevels Reduction Units Gear 
hoxes for all Trades AID. Approved 





P. R. MOTORS LTD - ALDBOURNE ROAD - COVENTRY 


Telephone : 2266 (3 lines) Telegram Supag 
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Versatile 1 
—Powertul 


—for heavy duty on a wide 
range of work. 


54 VERTICAL 


REVERSIBLE AUTOMATIC FEEDS AND QUICK 
POWER TRAVERSE IN THREE DIRECTIONS 

The characteristic power and rigidity of the 
34 in. Vertical Milling Machine is demon- 
strated to good effect when taking a } in. cut 
at 3} in. per minute on this 4% carbon steel 
billet. This machine is installed at Geo. 
Swift & Sons Ltd., who find its great ver- 
satility invaluable in producing a wide range 
of machine tool components. All 12 feeds 
and spindle speeds are selected from the 
front of the machine, the speeds ranging 
from 29-520 or 36-638 r.p.m., and the feeds, 
3} in. to 20 in. per minute. 








JAMES ARCHDALE & CO., LTD. 


BIRMINGHAM 16 ~- SOLE SELLING AGENTS : ALFRED HERBERT LTD. COVENTRY 


A member of the Staveley Coal & Iron Co. Ltd. Group 
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© Pywenbpip 


TIMING BELT 


for 
precision finishes 


Positive elimination of slip and creep e 










No initial tension @e Compactness in 
width and pulley diameter e No belt 
stretch—needs no take-up—will operate 
on fixed centres e High 
operating speeds e Con- 
stant angular velocity e No 
lubrication required e High 
mechanical efficiency —very 


Acknowledgement to The Colchester nearly 10074 @ Light or 


Lathe Co. Ltd. for photograph show- 
ing POWERGRIP timing belt drive. 


heavy drives—1/100-300HP. 
With the spindle directly driven by a POWERGRIP timing belt, this 5" Chipmaster 
high-speed precision lathe is able to turn work to the very finest degree of finish. 

The low speed range is obtained from the geared headstock, but for the high speed 
range, all gearing is disengaged and the spindle is driven directly by a POWERGRIP 
timing belt. This gives a positive non-slip drive, eliminating vibration and ensuring the 


production of precision finishes of the highest order. 


iy U. S. Rubber 


Home: The North British Rubber Company Limited. ABBey 7135 
Export: U.S. Rubber International (Great Britain) Ltd. ABBey 2053 


62/64 HORSEFERRY ROAD, LONDON, S.W.I 
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... and the Belleville makes it possible ...! 


The largest capacity spring balance in the world. 

This instrument was made to weigh giant steel castings 
and is graduated up to 200 tons with I ton sub-divisions. 
It is approved by the Board of Trade for “Trade” 
purposes, where the requirement is that the machine 
must be accurate to within a quarter of its smallest 
sub-division. 
Iwo Belleville washers, in this instance opposed to each 
other, supply the spring resistant. Their total move- 
ment under full load of 200 tons is never more than 
ay of an inch, 


SALTER... 


always a Spring ahead / 


* When resistance to load or thrust is beyond the capacity of helical springs, 





* When take-up of shock or sustained load must be restricted to very slight movement, 


* When many tons of dead load must be sustained plus intermittent shock or live load. . 


It's time to call in SALTER technicians! 


GEO. SALTER & CO. LTD., WEST BROMWICH, ENGLAND .  EstastisHeo s76 
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FOR IRON CASTINGS SPECIFY 
ASHMORE’S MEEHANITE 





Ashmore’s MEEHANITE castings are produced under strict 
metallurgical control ensuring consistent properties for the 
service required. 

MEEHANITE is produced in many grades to meet specific 
requirements, whether for heat, wear or abrasion resisting 
applications. 


Ashmore, Benson, Pease & Co. will be pleased to advise the 
grade suitable for your application. Upon request, a 
specification booklet will be posted to you. 


Capacity is available for producing castings up to 20 tons 
weight or 13 feet diameter, by modern methods and processe: 

ASHMORE’S MEEHANITE 
The 42 gas valve illustrated above weighs 3 tons 3 cwt. and is made 
in heat resisting MEEHANITE to withstand a working temperature 


of 700 C. The lower photograph is of a colliery rope drum weighing 
lewt. 3qrs. 








{hP) 4ASHMORE, BENSON, PEASE & CO 


(MEMBER OF THE POWER-GAS GROUP) 


STOCKTON-ON-TEES AND LONDON 


AUSTRALIA . CANADA ° INDIA 7; FRANCE ° SOUTH AFRICA 
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More accurate 
than human skill 
_——_ibieeesnaneieneate 


SK Hydraulic Control of motion 


Paradoxically, the product of human skill is more accurate than human skill itself. This 
is particularly so in the case of Savery Hydraulic Pumps. Countless thousands of 
Savery Pumps are in use throughout the world working with precision that neither human skill 
nor other means can match. Next time you’re considering control of 
motion remember Savery Hydraulic Pumps first. 








Savery Pumps can be supplied with fixed or variable delivery. 


FOR FURTHER DETAILS OF 


SAVERY HYDRAULIC PUMPS 


WRITE TO 
THOMAS SAVERY PUMPS LIMITED 
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WHEN SAFETY MEANS SO MUCH 
P-B-M CASTINGS ARE USED... 


No vehicles make more constant use of 
braking power than Public Transport. 
That’s why when constant reliability is so 
vital, P.B.M. Aluminium castings are 
specified by Lockheed for the hydraulic 
.pump on their farnous power-operated 
brakes in use on the buses of Midland Red 
Motor Services—one of the largest services This core, weighing less thon 
in the country. 








two 
ounces, used in the production of 
these hydraulic pump costings, 
symbolises the intricacy ond fineness 
of this high quality productior 





MACHINED CASTINGS & ASSEMBLIES ... 


P.B.M. hove excellent facilities for supplying castings as fully machined and assembled component 











PERRY BARR METAL COMPANY LTD. 


GREAT BARR, BIRMINGHAM, 22A 
TELEPHONE: GREAT BARR 1794-5-6 
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REYNOLDS OF REDDITCH 
RELY ON SPEARSEG 
for cold- cutting work 


This busy firm will tell you just how well 
Spearseg segmental saws do their job on 
nonferrous alloys. There’s a Spearseg for 
all present day metals, right up to the 
hardest steels; every saw is made and 
serviced by the world’s most experienced 
sawmakers— Spear and Jackson. 

If you have a cold cutting problem, have 
a word with the Spearseg Departmental 
Manager (Tel. Sheffield 20202)—he’ll be 
only too pleased to help. 


Spearseg 


SEGMENTAL SAWS 


» SPEAR I JA CKSON PRODUCT MADE AT AETNA WORKS, SAVILE STREET, SHEFFIELD 4. 





Illustration shows a 34” 
diameter saw in action on 
OA/4I18 a 12" diameter aluminium tube. 








Ratcliffe Springs never lose their temper ! 
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Here’s pure ‘know-how’ in practice—a box-making machine with the former 
made from TUFNOL. Why TUFNOL ? Because TUFNOL formers—unlike those of wood 
won’t warp, splinter or crack .. . will withstand an enormous amount of hard work and sti/l 
keep their exact shape and size. TUFNOL formers will go on giving good service, year in, year out. 
You can machine your own formers—and a whole host of other components—both casily and accurately 


from TUFNOL sheets, tubes or rods. Or we will gladly produce them to your own specifications. 


MAKE THE MOST OF TUFNOL 


TRADE MARE 


An ELLISON Product 


TUFNOL LTD - PERRY BARR + BIRMINGHAM + 228 


Hit 
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BUT FOR 
KEY APPLICATION 
TO MACHINES 





HEADED, PLAIN AND 
WOODRUFF KEYS 


Also manufacturers of 
Send for this free booklet to The Walpamur SOLID AND SPLIT 
TAPER PINS 


Co. Ltd., Darwen, Lancs. It tells you much 
about the uses of Epoxy Resin Paints in 


Make Pealg 
Cure Ly Wilting 


engineering and industry and can help you to 


solve your protective and finishing problems. 


BY APPOINTMENT 


3) = 
THE WALPAMUR CO LTD EREMO 


DARWEN & LONDON TRADE MARK 
FREDERICK MOUNTFORD (Bham) LTD. 


FREMO WORKS + MOSELEY ST.- BIRMINGHAM, 5 
Telephone : MiDiand 7984 PBX. 
for every conceivable need 
Telegrams : FREMO, BIRMINGHAM 


33121 


Ww 586 


Paints, Enamels, Varnishes and Industrial Finishes 
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whatever you are, whatever you do, 
your specification puts you apart, 

you mustn’t be this, you’ve got to be that; 

to make you at all they can’t even start 

till problems are solved and properties used 


that Morganite Carbon alone can impart. 


vv ¥? 
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For the design engineer Morganite Carbon is a material 
with a vast potentiality ; some of its properties are 
unique, many can be varied to obtain specific characteristics. 
A material which is strong as steel but light as aluminium, 
which is self lubricating, has some exceptional electrical properties 
yet is non-metallic, must have a multiplicity of applications. 
When you have read the other properties of Morganite Carbon, 
why not have a talk with our technical staff? They may be 
able to help with your problem. 
OTHER PROPERTIES INCLUDE 
High resistance to wear. Wide range of resistance to chemical attack. Machinability. 
Good thermal conductivity. Not wetted by molten metal or slags. Non-seizing 


Non-galling. Good mechanical strength at high temperatures 
Good electrical conductivity. Available in impervious forms. Low thermal expansion. 


THE MORGAN CRUCIBLE CO. LTD., BATTERSEA CHURTH ROAD, LONDON, S.W.11. Phone: BAT, 6822 
CMA 
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ALLOY & SPECIAL CARBON STEELS - BARS - SHEETS - PLATES - WIRE RODS 
THE HALLAMSHIRE STEEL & FILE CO. LTD., Sheffield, 3, England 
Telephone : Sheffield 24304 (7 lines) Telegrams ; Hallamsteel, Sheffield 








STEEL 
KEY TO INDUSTRY x.» 


The key illustrated belongs to the 17th century. 
By the design it is apparent that it is of Irish 
ecclesiastical design. It was very likely used for a 
church door and was dug up in Londonderry, 
Northern Ireland, about 50 years ago. It is a very 
heavy key weighing over 1 lb. and was apparently 
designed for hard usage. It is in a beautiful state 
of preservation. 


ee (UNE TTT Tene 


The development of steel made possible the 
growth of civilisation itself. For steel is the 
key to the good things of life as well as to 
the necessities; as essential to the maker of 
the precision watch as to the bridge-builder. 
Hallamshire high-grade alloy and carbon 
steels serve a multitude of industries in 
many ways. 










allamstee 
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CIBBONS 
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IN THE STEEL INDUSTRY 





FURNACES 


for Forging, Ingot Heating, 
Plate Normalising and 
Annealing 


LICENSEES AND BUILDERS OF. 


@ “OFU" SOAKING PITS AND 
CONTINUOUS SLAB REHEATING 
FURNACES 


@ THERMO PATENT CONTINUOUS 
FURNACES 


@ LOFTUS OPEN HEARTH FURNACES 


@ WILPUTTE COKE OVENS 


GIBBONS BROTHERS LIMITED P.O. BOX 19, DIBDALE, DUDLEY, WORCS. 





ONE DUDLE y 4) lealeaoram<« 7 GIBBO NS”? DUI FY 
LONDON OFFICE:— 151-156 PALACE CHAMBERS, WESTMINSTER S.W.1 
NORTH EASTERN OFFICE :.—“CRANBOURNE” 155 YARM ROAD. EAGLESCLIFFE, NR. STOCKTON-ON-TEES @ 
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** Newallastic "’ bolts and studs have qualities which are abso- 
lutely unique. They have been tested by every known device, 
and have been proved to be stronger and more resistant 
to fatigue than bolts or studs made by the usual method. 





- oN 
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: Versatile and reliable Crowthorn lathes save time 
and money on almost any machining operation. 
From turning and drilling to grinding and keyway cutting, 
users find all work comes alike to a Crowthorn. 
Please write for fully detailed literature on lathes 
and the range of attachments. 
CROWTHORN ENGINEERING COMPANY LIMITED 
High ¢ Vachine 1 Vf ) 
REDDISH 


SsTOCKPORT 
CA/ JPTl=2=3 


. oe fF, 


ENGLAND 
Gran CROUTOOT REDDISH 
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FASTER SPEEDS 
HIGHER TEMPERATURES 


ACCELERATED CORROSION 


AND 


GREATER PRODUCTION 
throughout industry 


are modern conditions which demand the 
, protection of 





DELORO 


| STELLITE 


Characteristics of Stellite 6 
— a typical Deloro Alloy 





@ Heat Resistant 
— ultimate tensile strength at 850°C. is 40 tons p.s./ 


@ Corrosion resistant 
— proof against most acids 


@ Abrasion resistant 
/ — 3 w & times the life of steel of C64 Rockwell 


@ Non magnetic and non sparking 


These characteristics are possessed by all Stellite Alloys, and may be varied to suit a wide range of 
industrial applications. Deloro Stellite is deposited by arc or oxy-acetylene welding, or is supplied 
as castings. 

Forty years engineering experience is available through our sales and technical staff and literature 


Why not write us? 


DELORO STELLITE LTD . SHIRLEY . SOLIHULL . WARWICKSHIRE . ENGLAND 
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Berco/BPI Line Voltage 

Regulators* hold the voltage 
to within £ 1% 

(28 STANDARD SIZES—1-115 KVA) 


Berco/B.P.T. Voltage Regulators are at work in transmitting 


Stations . . . at international airports . . . on ocean going 


liners . . . wherever designers want a strong, reliable unit for 
Berco/B.P.T.’s team of consultant 


Study the features 


accurate voltage control. 
engineers are always at your service. 
below, and you'll agree our Line Voltage Regulators prove 
Berco/B.P.T. know how ! 

















* BERCO _B.P.T. Line voliage regulators. Ask for List 606. 


§ Voltage held to within 4 28 standard ratings cover 
py Ae 1 KVA to 115 KVA. 

2 Unaffected by variations in S$ Oil immersed and air cooled 
supply volts, load, load types. 
power factor, frequency. 6 Standard designs ensure 

3 No wave form distortion. good delivery. 





BERCO/B.P.T. pioncered this type of Line Voltage Regulator... 


BERCO/BPT KNOW HOW 


THE BRITISH POWER TRANSFORMER CO., LTD., 


in association with 


THE BRITISH ELECTRIC RESISTANCE CO., LTD., 
QUEENSWAY - ENFIELD - MIDOLESEX 


Telephone: HOWard 24/1 Telegrams: Vitrohm, Enfield BR I4/1 
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POSITIVE REMOTE CONTROL 








Wherever the application of an 
efficient positive remote control 
system is required the ARM- 
STRONG Unit provides a simple 
effective answer. Easy to install, 
rust-proof, permanently  seif- 
lubricated and temperature 
corrected, neither the ‘Slave’ or 
‘Master’ units need maintenance. 













Amongst innumerable applica- 
tions, flue damper 
built in systems for Machinery 


controls, 


Controls and Motions, 
gear shift operations, jig latching 
and valve control, etc., 


remote 


are 


typical. 


Full information 
gladly supplied 








Regd Trade Mark 


REMOTE CONTROL UNIT 


ARMSTRONG PATENTS COMPANY LTD. 
EASTGATE . BEVERLEY . YORKSHIRE 
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For deep-drawing, only strictest control, from 









steel-making right through to final cold-rolling 
and annealing, can reduce ** directionality " to 
aminimum BRYMILL experts have the facilities 


and the «now-how 





STEELS 





BRYMILL TESTED 





BRITISH ROLLING MILLE LTO ' SARYMILi STEEL WORKS Tieton, SsTArrS 
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NEWAGE 


The symbol of the Newage Group is 
the hall-mark of first-class engineering 


Newage-BMC offers a choice of petrol/paraffin (gasoline 
kerosene) engines from 950 to 4,000 c.c., and diesels of 2.2, 
2.55, 3.4, and 5.1 litres. 


NEWAGE (MANCHESTER) LTtTo 


Home Sales and Works: Crossley Street, Gorton, Manchester, 18 
Telephone: East 2071 


Export Sales: 6 Carlos Place, Grosvenor Square, London, W.1! 
Telephone: Hyde Park 914! 
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FORMULA FOR EFFICIENCY 

To provide the perfect power unit for the Massey-Ferguson 735 
Combine Harvester, Newage evolved this characteristically success- 
ful conversion of the BMC 1500 c.c. petrol engine. What they did 


for Massey-Harris-Ferguson, they can do for you. By applying the 


formula NEWAGE-BMC in the early stages of product develop- 


ment you can have any one of the magnificent range of BMC 
automotive engines — modified by the specialised skill of Newage 
engineers to conform to your own functional and installation 


requirements. 
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PATENTED 


STEPLESS SPEED REDUCER 























‘RADIGON’ to ‘VARICON’ 


The VARICON stepless mechanical/ 
hydraulic speed reducer is built by 
the same manufacturing division as 
the Radicon Worm Reducer, with 
which it shares definite character- 
istics, and gives an infinite number of 
speeds between |/! and zero for drives 
up to 5 h.p. 


It has an extensive range of application 
in conjunction with the Radicon and 
also a wide variety of uses as an 
independent unit. Among its principal 
features are high efficiency, high 
power ratings relative to size, smooth 
speed adjustment either by hand or 
remote control and exceptionally 
robust construction. 








The illustration shows how the characteristic 
appearance of the RADICON, with its effective 
means of cooling by radiation and convection, 
has been successfully adapted to the VARICON. 


Full details are given in Publication E492.1.f — 


DAVID BROWN 


CORPORATION (SALES) LIMITED 
RADICON DIVISION 
PARK WORKS HUDDERSFIELD 
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Stuck for a Spring? 


If so, Terrvs BOXES OF ASSORTED 
SPRINGS are the answer. Here you have a 
marvellous assortment of Compression and 
Expansion springs . . . in all varieties, weights, 
lengths, gauges and diameters. The 9 boxes we 
show here are only a few from our very wide 
and varied range. Let us send you a fully 
illustrated list—post free. 


*Really interested in springs? The 1957 edition of “Spring 
Design and Calculating”"—full of spring data—post free 12/6. 


TERRY'S 


ASSORTED SPRINGS 


HERBERT TERRY & SONS LIMITED - REDDITCH - WORCS 


(Makers of fine Springs, Wireforms and Presswork for over a century) 


No. 760. 3 doz. As- 
sorted Light Com- 
pression Springs, 1” 
to 4” long, 22 to 18 
S.W.G., 4” to 4” 
diam. 6/6 each. 











No. 98A. 3 doz. As- 
sorted 1” to 4” long, 
4” to }” diam., 19G 


to 15G. 5/6 each, 








No. 757. Extra Light 
Compression, | gross 
Assorted, 4” to 4”, 4” 
to 2” long, 27 to 20 
S.W 15/- each. 





No. 388. 4 


gross 
Assorted Small Ex- 
pansion Springs, }” 
to 14”, 18G to 21G. 

9/6 each. 








No. 758. Fine Ex- 
pansion Springs, | 
gross Assorted 4” to 
a”, 4” to 2” long, 27 
to 20 S.W.G. 

15/- each 





No. 


466. 
Assorted Small Ex- 
pansion Springs, }”to 
14” long, &” to &” 
diam., 21G to 24G. 
6/6 each. 


4 gross 









No. 1013. 1 gross 
Small Coil Compres- 
sion Springs, 3” to 
14” long, 4” to &” 
diam., 24G to 19G. 

6/- each. 


No. 753. 3 doz. As- 
sorted Light Expan- 
sion, 4” to 4” diam., 
2” to 6” , 22 to 
18 S.W.G. 

10/6 each. 





Cut production 
costs with 
TERRY 
Wire Circlips 
(Square Section) 
We can supply from 


stock in sizes from 
4” to #". 





No. 1024. 20 Compres- 
sion Springs 12” long, 4” 


to 4” diam., 24G to 
18G, suitable 
for cutting 
into shorter 
lengths ; and 
30 Expansions 
14” to 12” long, 
*” to i” diam., 


22G to 16G. 24/- each. 
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Harizonta! honing 


Machines 


Vertical honing 
Machines 


| These machines consistently work to -0001 limits 


‘These machines consistently work to -0001” 
limits, and much finer limits are quite feas- 
ible. Errors of taper, ovality and surface finish 
are automatically corrected. Elimination of 
surface waviness is a natural result of 
honing. By avoiding the high surface tem- 
peratures involved in turning and grinding, 


honing eliminates undesirable metallurgical 
changes in load-carrying surfaces. The 
equipment can be operated by semi-skilled 
personnel, thus releasing skilled labour tor 
other work. Bore distortion after hardening 
is rectified and loss on scrap components is 
virtually eliminated 


precision honing equipment 


DELAPENA & SON LIMITED 


Manufacturers of induction Heating and Precision Honing Equipment 


ZONA WORKS - CHELTENHAM - ENGLAND 


Telephone: CHEL TENHAM 56341 
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arley 


REGD. TRADE MARK 


WOOLWICH 1422 





1000 times a minute! 


The Varley S.M.O. solenoid is the first of a range of miniature solenoids 





being developed for the electronic and accounting machine industries. 
It can operate about 1000 times a minute through } in. 
Varley make Solenoids of all shapes and sizes 
to push or pull anything from ounces to thousands of pounds. 
If you need to push, pull, press, prod or punch—by remote control — 
investigate the applications of Varley Solenoids. 


They are 100°%, British in design and manufacture. 


For full details of Varley Solenoids send this coupon 


OLIVER PELL CONTROL LTD. 
CAMBRIDGE ROW, WOOLWICH, S.E.18 


[| Please send me illustrated booklet “VARLEY SOLENOIDS” 
[| Please arrange for a technical representative to call on me 


COMPANY 


ADDRESS 


| 
| 
| 
| 
NAME | 
| 
| 
| 
| 


po 


OLIVER PELL CONTROL LIMITED 
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Spinning 

















‘Rotarprest’ Ends for Pressure Vessels 


can be supplied in Mild, Alloy and Clad 
Steels and Non-ferrous Metals. The 
capacity of the Rotarpress ranges from 5 to 
15 feet diameter and 3” to 4” thickness. 
Knuckle radii and depth may be varied 
to meet individual requirements. 

Please ask for List No. ED 965 giving full 
range of sizes. 








G. A. HARVEY & CO. (LONDON) LTD. 
WOOLWICH ROAD, LONDON, S.E.7 


Telephone: GREenwich 3232 (22 lines) 
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SAVES METAL 
— CUTS TOOL COSTS 


Dished and flanged ends 
Rotarpress spun by Harveys 
greatly facilitate the design 
and production of Pressure 
Vessels. They combine semi- 
ellipsoidal form with large 
knuckle radius. A substantial 
reduction in plate thickness 
can be effected, and in most 
cases tool costs are 


eliminated 
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3 MODELS ‘T” A universal toolroom machine, also designed for manufacture 
of superior quality screw gauges, micrometer screws, etc. 
*P’ For quantity production of taps, hobs milling cutters, etc., 
and plunge cut grinding of threaded components. 
Models ‘1’ and ‘P’ are available with either 16” or 32° capacity 
between centres, both sizes swing 10” dia. up to 4” from spindle 
nose and 8" at any point. 


‘NLA’ A fully automatic machine for high speed production of 
taps up to 4” diameter. 


thread grinder 
NEWALL GROUP SALES LIMITED 


PETERBOROUGH TELEPHONE PETERBOROUGH 3227 
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fabrication 






of wire products 


Weldmesh 


in rolls or sheets 





Vay 







is an ideal 






material 


3 






Cut it to the shape you want — it holds together because 





it’s welded together. It can be readily fitted to all types of 






steel section, does not require additional frame bars and combines strength 






with economy, together with ease of application. 










A technical service is available to handle any problems. 


Weldmesh is a registered trade name and is supplied direct to users by the sole manufocturers 


THE B.R.C. ENGINEERING CO. LTD., STAFFORD 


London, Birmingham, Bristol, Leeds, Leicester, Liverpool, Manchester, Newcastle, Cardiff, Glasgow, Dublin, Belfast, 
Bulawayo, Calcutta, Johannesburg, Singapore, Vancouver. Export Sales: 54 Grosvenor Street, London W./ 


“~~ oo 
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~ From Guillotine 
to 


Double Seamer 


we make the whole range of machines 

for the manufacture of round and 

irregular tins of all sizes; for 

example, ham tins, paint tins, biscuit 

tins, oil tins, etc. 

For many years we have supplied complete 
plants, comprising hand operated, semi- 
automatic and fully-automatic machinery 
for all sizes of tin boxes, steel drums 

and screw caps. 


GUILLOTINE SHEARS 





IRREGULAR 
FLANGER 


SIDE 
SEAM 
LOCKER 





DOUBLE 
ENDED 
IRREGULAR 
SEAMER 


Write for fully descriptive 
literature to -— 


ts 


MOON BROTHERS LIMITED, BEAUFORT ROAD, BIRKENHEAD. 
TELEPHONE : BIRKENHEAD 1527/8/9. CABLES: ‘* MOONBRO" BIRKENHEAD 


LONDON OFFICE 
ABBEY HOUSE, 2/8 VICTORIA ST., WESTMINSTER, S.W.1. TEL: ABBEY 1905 
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...aS sound as a Gloucester casting! 


ea » 


Malleable lron. Weight 84 it 


“As sound as a Gloucester Malleable casting’ 1s no mere phrase 

It is the result of a wealth of traditional skill and technical knowledge at 
every stage of production. Raw materials, melting and pouring processes, 
sand practice, moulding and core making, fettling and setting, all are 
exactly controlled to ensure castings that will measure up to to-day’s 
exact engineering needs. 

They are also accurately set under modern presses, using dies made 

to the limits required, to ensure that castings can be machined 

without costly delays. 

Always consult Gloucester at the designing stage — even before 


A typical Gloucester Malleable specification 

















Gloucester Gloucester Lamellar Veh ‘ 
Blackheart Malleable Pearlitic Malleable sues Sewing Des 
snRAREEREREARARENR in Malleable Iron, Weght 64 It 
Elongation 18% Elongation s% 
Yield Point . 42 tons Yield Point 24 tons 
Tensile Strength 25 tons psi Tensile Strength 35 tons ps | LAR LER , 





THE HOME Of 4 
P 
OOD CASTINGS 
Gloucester Foundry Ltd., Emlyn Works, Gloucester Telephone Gloucester 27041 Telegrams : ‘ Pulleys’ Gloucester 
(A subsidiary of the Gloucester Railway Carnage G& Wagon Co. Lid 
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With our vast 

facilities and our skill 
in research and planning 
we are always ready to 
meet any demands for 


ANYTHING IN 
SHEET METAL 
WORK. 





WE SHAPE THE THINGS TO COME .. 


We employ none but the finest craftsmen 
The Abbey Panel 


and are recognised as being among the fore- 
& Sheet Metal Co Ltd most specialists in Sheet Metal 
7 . 


in the country. 


manipulation 


Head Office: BAYTON ROAD, EXHALL, COVENTRY 
Telephone: Bedworth 2071/4 
Also at: OLD CHURCH ROAD, LITTLE HEATH, COVENTRY 
Telephone: Coventry 89441 /3 


A.1.D., A.R.B. and C.I.A. approved. 


a a oe 
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Variable Frequency Variable Voltage motor Alternator 
Set. Control Panel illustration shows Electronic Servo 
Regulator withdrawn for inspection 


400 volts 50 cycles 3 phase 

10 kVA single phase 

100/250 controlied + 3 

65/25 cycles stabilized electror 
+ 0.5%, of set value 


Input 

Output 

Voltage range 
Frequency range 


56 


cally within 








ELECTRO-DYHAMICCRPA> CONSTRUCTION CO LTD 


ST MARY CRAY KENT 


TELEPHONE ORPINGTON 2755! 
GRAMS ELEDAMIC ST MARY CRAY 


Control Gear Division 
BRIDGWATER SOMERSET Tel Bridgwater 2882 


Glasgow Office 
40 HOULDSWORTH ST C3 
Tel Central 2620 


Photographs by urt 
Powers-Samas Ltd 
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“Electro-Dynamic” Power 
ant has been installed for 
Powers-Samas Accounting 
Machines Ltd., to provide the wide 
range of voltages and frequencies 
required to produce those 
obtained in any part of the world 
to. which their machines m 
be supplied} E.D.C.C. supply alf 
_ ‘of test equipment, including 
ydamometers.and Automatic 
Contrél Gear for all applications, 4 
E.D.C.C. Techriical Staff are , 
always available for Cortulgation 
on customers’ special problems.¢ | 
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Revolutions per n minute or revolutions 

annum? There you have the vital difference, ~~ 

between osdinary electric’ TPE / and 

those made by EPE. Thousands of EPE 

electric motors are running at the ra of 
over 1000, 000,090 revs. a year—unfailingly 
—year in, year out! Unusual ? Not a bit. 
EPE electric motor users take this sort! of 
service for granted. Next time you’re 
buying electric motors remember it|pays 
to specify EPE—to be sure. 


























ELECTRICAL POWER ENGINEERING C0. (BHAM) LTD. 


HAM 
P ‘ Bir 


LONDON, W.C.2. 





421 GRAND BUILDINGS, TRAFALGAR SQ., 
Phone: Whitehall 5643 & 7963 





LONDON OFFICE 













MODEL ‘‘MG/2”"’ 


CYLINDRICAL GRINDER 


This machine has established a reputation for high efficiency 
and low cost, and is now recognized as a BEST BUY. 
The MGI12 is a manually operated machine for accurately 
grinding small workpieces, where the actual grinding times 
are short and automatic movements cannot be fully 
exploited. Useful for either Toolroom or Production 
work, it can also save money as a basic auxiliary to larger 
machines. 

GRINDING CAPACITY, 3 x 12 in. 

WHEEL SIZE 10 x | x 3 in. bore. 

WHEEL SPINDLE SPEEDS 2200 and 2500 rpm. 


Send for details N. O w— WORK SPEEDS (12) ranging from 75 to 730. 
MYFORD ENGINEERING CO. LTD. 


BEESTON, NOTTINGHAM, PHONE: BEESTON 25-4222 (3 LINES) GRAMS: MYFORD, BEESTON, NOTTINGHAM. 
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This slow speed drive to a Gas Fired Continuous Tempering 
Furnace includes a Size F10 Carter Variable Speed Gear. 

Built by the Dowson & Mason Gas Plant Co. Ltd., the pro- 
cess speed may be infinitely varied by means of the Carter Gear 
control, adjustable with the drive running or stationary. 

Remote Electrical, Hydraulic, Hand or Lever controls are 
available with all sizes of Carter Gears. 


Specialists for over 20 years 

in the design, manufacture 

and industrial application 

of Hydraulic Variable Speed Gears. 
For full details of the entire 

fractional up to 35 horse power range 
of Carter Variable Speed Drives 

write for Folder 658. 











BRADFORD 3 
YORKSHIRE & 
ENGLAND 


‘phone: Bradford 64378 (3 lines) 
grams: Became’ Bradford Telex 


Gintama mm aliiiita:, 
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PRESSINGS 


If you require pressings consult Ward 
(Metal Details) Ltd. We are specialists 
in the manufacture of all types of small 
and medium pressings of any shape, size 
and thickness, in steel, tinplate, copper 
etc. from which complete assemblies can 
be fabricated by welding, soldering or 
brazing. 

Illustrated here are some examples of 
our products, and similar components 
can be produced to your own specifica- 
tion and design, and supplied in painted, 


plated or enamelled finishes. D A fe L A S T 0 N . S T A » re S 





How hollow bored bars can cut your costs 


All over industry people are finding 
it’s cheaper to use Keetona 





Hollow Bored Bars for applications 
covering a very wide field. Keetons 
specialise in supplying Hollow 
Bored Bars: they’ve developed the 
process during 25 hard-thinking, 
hard-working years. Where a job 
can’t be done by any other method, 
because the quantities needed 

are too small, Keetons will do it 
cheerfully by deep hole drilling at 
much lower cost than you’d expect. 
For keen prices and quick 

delivery Keetona Hollow Bored 
Bars have the rest licked hollow! 


Write for our new illustrated brochure telling you all about Keetona Hollow Bored Bars to 


KEETON SONS & CO. LTD. 


KEETONA WORKS, GREENLAND ROAD, SHEFFIELD, 9 TEL : SHEFFIELD 42961/4. arc 
A MEMBER OF THE FIRTH CLEVELAND GROUP IRC 
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LINCOLN ELECTRIC SERVES THE INDUSTRY OF THE WORLD 15 


Arcatr | 


Lowers costs by up 
to 807, on cutting, 
gouging and beveiling 





The Arcair Torch, manufactured by Lincoln Electric 
Company Limited, is a light mobile tool, that operates easily 
in any position, in restricted space, and is especially suitable 
for Shipyard work, where simplicity and speed of 

operation are essential. 

The current is supplied through a D.C. Welding Machine, 
whilst ordinary compressed air at 80-100 Ibs. pressure is used. 
There are no cylinder or regulators required, and welding 

or brazing can be commenced after cutting with no 


further grinding or cleaning. 


The Arcair, which is air-cooled, requires no special skill to 


operate. The depth of cut is easily adjustable, and the Torch 


has a clean cutting action. 


ty te 


This ingenious tool has proved time and time again 

that it can do most metal-cutting jobs, not only faster, 

but many times cheaper. 

With its wide applications throughout Industry, Shipbuilding 
and Repair, the Arcaic Torch is a proven economical asset, 


whilst maintaining a high standard of efficiency 





Arcalls OBTAINABLE THROUGHOUT EUROPE, ONLY FROM LINGOLY 





LINCOLN ELECTRIC CO LTD - WELWYN GARDEN CITY - HERTS - WELWYN GARCEN 920 (5 lin:<) 4581 (5 lines) 
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W. H. BIRD & SONS LTD., 


BRISTOL 2. 


ST. PHILIPS, 
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available. We will gladly advise 
Catalogue free on 


A complete range of sizes is 
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JOSHUA HEAP & CO., LTD. 
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in. dia, 


£& sau 


up to 2} in. dia., pipes up to 2 


threaded. 





length has bee 
Capacity: Bolt 
parallel or taper. 


AS2 








Ranges from 0:2 inches water 
gauge to 30 Ib. per square 
inch. Two-pen recorders are 
available for process control. 
Differential head ranges from 
1 inch water gauge up to 10 
inches water gauge 





Arkon 

vacuum or pressure and vacuum. They give a clear, unmistak- 
able record which you can read like a book, without hesitation 
and without mistakes. You can leave the chart on for a few 
hours, a day, or a week-——the record will always be there. Easily 


read, easy to look after, robust enough to stand on the job, Arkon 





Recorders measure gas and air flow, pressure of 


Instruments can help the control of any process-and their accuracy 
will satisfy even the boys in the lab 


FOR PROBLEMS LIKE THESE 


The recording and integration of rate of flow of gas or air. The 
measurement of low pressures or vacua. The measurement 
of industrial effluents to meet the requirements of River 
and Sewage Boards. 

Write for booklet No. 24/AR. 





RECORDERS 


PATENTED 


WALKER, CROSWELLER & CO. LTD. * CHELTENHAM 


Telephone : Cheltenham 56317 
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There are also Bronx Press Brokes, 


pee Shears, Sheet & ore 
t a Fo. D i eh G Levelling Machines, etc. Write " 
.. 


Catalogues. 


BIRWELCO LTD. 


3-ROLL PYRAMID 3-ROLL INITIAL oman a sruatonrenne pa Benny of rn | RM | N G H A M 
MACHIN 


MACHINE PINCH MACHINE 
by whose kind permission we 
(+) C<) reproduce photograph on left, 
C+) } (+) decided a BRONX INITIAL 
PINCH MACHINE was the 


most suitable type of Rolls 














for their production require- 
ments. 


The operator has just rolled 
a 10 ft. i in. plate to an in- 
side diameter of 18 in. The 
machine has pre-bent both 
long edges and the amount 
of flat is hardly visible. The 
Top roll is 16 in. diameter. 


We would welcome the 
opportunity to discuss your 
rolling problems. 


YE pee 
Yh Zi is 


BRONX ENGINEERING CO. LTD., LYE, WORCS. telephone: cyveqa307 & 2308 











CALDWELLS * tx" STAINLESS STEEL 


Chemical Plant, 


Mixing Vessels, 
Storage Vessels, 


Tanks, Ducting, 


Piping, Flanges. 
SPECIALISTS IN STAINLESS STEEL 





AND MILD STEEL FABRICATION. 





CONSTRUCTIONAL STEELWORK. 





CAPSTAN AND REPETITION WORK. 





SEND YOUR ENQUIRIES TO: 


T. CALDWELL & SON 


ST. JOHN STREET, BOLTON 
Est. 1877 Phone BOLTON 3672 (2 lines) 
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JOHN HARRIS TOOLS LTD., WARWICK, phone: 1221 (6 lines) 


and at LONDON. GLASGOW. BIRMINGHAM 








For increased efficiency... 


. _ Pexdlle 
| put it on X Castors 


‘Putting it on castors’ is certainly the way to speed things 
up, and to an amazing extent when the right castors are 
used for the job. The varied uses of Flexello castors are 
virtually limitless. They are used in nurseries and steel 
mills, aircraft plants and beauty parlours. Flexello has 
the range, the service and facilities to make castors the 
true servant of the production manager, the hospital mat- 
ron, the restaurant manager or the storekeeper. Closest 
inspection, superior 
design and up-to-date 
production methods 
have made Flexello 
the largest castor 
manufacturer in 
Europe. 








CONSTANT QUALITY 
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oe ©Z, 
Only a very small section of > 
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No. 156 ED or a technical 
representative for industrial 
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Est: 1895 


r ec: HERMETIC pyp6eR CO.LTO 


RYLAND STREET . BIRMINGHAM, 16 Gish°"ficrmftc birmingho 


Grams: Hermetic Birmingham 








: | 
AS6 


THE ENGINEERS’ DIGEST 














HALLMAC Tool Range A % 


covers the need 
—tmmedialny, Sf \ 





al 


From a stock range which is truly 
impressive, and is comprised of only 
finest quality tools, Hallmac supply 
practically every requirement in 





Engineers’ Small Tools and Sundries 


iit 


aowen ners HER 


¢ &=> HALLMAC Supply Service 


2 re) _ 
ie covers the Country ff 
a olen complety 
¢ 
0 = 
ay 4. BY ore Unified planning throughout the four Hallmac Depots, 
Y <e extended through the network of Hallmac 
[4 ie : Representatives, makes Hallmac Service swiftly 
. = available in any part of the Country. 
> Write for latest leaflet listing benefits of having 


tools from HALLMAC 


Pee 
ounirat 
wih i 
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Head Office and Depot: GPO Box No. 39 Macrome Road, Wolverhampton. Tel. 5200] (5 lines 
Also Depots at London, Manchester, Glasgou 
Sales Managers for the Hand Tool Division of the Bren Manufacturing Company 


DISTRIBUTORS OF ENGINEERS’ SMALL TOOLS 


Macrome Treated Tools - Hand and Power Tools 
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IMMEDIATE DELIVERY ! 


ORRIS 












FOREMOST FOR SAFETY 
— SINCE 1884 





BALL - BEARING 
ELECTRIC CHAIN HOISTS 


Perfected in every detail. 
Incomparable for safety, reliability, 
efficiency and durability 
They stand supreme. 


In support of these claims we shall be 
pleased to send one to you ON 
APPROVAL. (Please state your 
current supply and the heizht of lift, 
hook to hook, required.) 


WRITE FOR SECTION 80/28. 





To lift tons | } 4 | 





PRICE £170} 70| 79 





* 








SPEED ft./min. | 37 | 184] 94 














* Higher speeds available 


Resident engineers available for consulta- 
tion in London, Glasgow, Manchester, 
Birmingham, Leeds, Sheffield, Newcastle, 
Cardiff, Bristol, Dundee, Liverpool, Not- 
tingham, Bury St. Edmunds and Belfast 


HERBERT MORRIS LTD P.O. Box 7 LOUGHBOROUGH ENGLAND 


Telephone: Loughborough 3123 
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Enjoy the fruits 


of TWW experience 


TWW FAMILY TREE—PLANTED 1878 


Other Ward activities include :- 
NON-FERROUS METALS 

INDUSTRIAL PLANT 

WIRE & WIRE PRODUCTS 

NUTS, BOLTS & FASTENINGS 
MECHANICAL HANDLING EQUIPMENT 
Albion Machinery Catalogue. Send for a current 
copy of this comprehensive stock list of new 
and second hand plant and machinery 
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AND STILL GROWING 


THOS. W. WARD LTD 


Dept: E. ALBION WORKS - SHEFFIELD 


lendon Offue Brettenham Mower Lan ester Place Mrend Wi 5 








the castings 
that are uniform 
right throwgh / 


No matter whether your requirements are simple 
or complicated, large or small, you can always be 
sure of quality castings at a reasonable price. Our 
service includes accuracy and regard to detail. 

Speed your production schedule and use the 
“ Starcast” ‘two-in-one’ correct castings and 
machine service (A.IL.D. APPROVED). All mod- 


ern machine shop facilities are available. 


Castings up to B.S.S. 17 tons grade. 





CORRECT CASTINGS IN 


| "STARCAST' GREY IRON -+ BRASS - GUNMETAL + ALUMINIUM 
BRONZE - ALUMINIUM ALLOY (SAND & DIE) 


REGISTERED TRADE MARK 





FOR ENGINEERING & ALLIED INDUSTRIES 


Our representatives are ready to visit you anytime, please contact :— 


THE STAR FOUNDRY LTD., BRADLEY, STAFFORDSHIRE. Tel: BILSTON 41474, 















OE 


SHEETS AND BARS 


We burden, yourselt 
with large stocks 


onx 












a " obt-the - shely ‘delivery 


BRITISH MATERIAL ONLY 






One eof the targest STAINLESS STEEL STOCKHOLDERS in the country, 
compaeraetive Prices . stno ror sTroec« test 


JOHN CASHMORE LTD 
$M/JC3099 GT. BRIDGE - TIPTON ~- STAFFS. Tel. Tipton 2181/7 
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There are no better diamond tools than those manufactured 


by Impregnated Diamond Products Limited of Gloucester. 
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PITMAN 


APPLIED ELECTRICITY 


By A. T. Starr, M.A., Ph.D., M.I.E.E. Covers the 
syllabus for the subject Applied Electricity in the 
London University Engineering Degree Part |, and 
for the National and Higher National Certificates. 
Pitman’s ‘‘ Engineering Degree Series ''. 25/- net. 


FACTORY ADMINISTRATION IN 
PRACTICE 


By W. J. Hiscox and James Stirling. 6th Edition A 
textbook for classes in factory administration and 
organization. Invaluable to all members of the 
factory administrative staff. 15/- net. 


PLANNING, ESTIMATING AND 
RATEFIXING 


By A. C. Whitehead. 3rd Edition. Deals with the 
theory and practice of ratefixing, time studies, 
process and shop planning, etc. Invaluable to 
practical factory men and all interested in the 
economics of production. 18/- net. 


technical books 


ENGINEERING INSURANCE 


By R. H. Procter, M.1.Mar.—. This book is framed 
on the syllabus of the Chartered Insurance Institute 
and provides an up-to-date textbook on the sub 
ject. Complete with clear descriptions of the plant 
to be insured and the potential risks inherent in 
such plant. 30/- net 


ELECTRICAL TECHNOLOGY 
(M.K.S. Units) 


By H. Cotton, M.B.E., D.Sc., M.LE.E. 7th Editior 
In this new edition of Professor Cotton's famous 
text the M.K.S. system of units has been adopted 
An invaluable work for the electrical engineering 
degree student. 50 - net 


ENGINEERING DESIGN 


By J. E. Taylor, M.Sc. Tech., etc., and J. $. Wrigley 
M.Sc., etc. 3rd Edition. A textbook for students of 
Engineering preparing for the Ordinary and Higher 
National Certificates and for University Degrees ir 
the subject Pitman's Engineering Degree 
Series "'. 25 ~ net 


Parker Street, Kingsway, London, WC2 
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announcing 
the new 


“FIRCLEVE”’ 








Cold rolled steel strip 
and flattened wire 


Cold rolled hardened and 
tempered steel strip 
and flattened wire 


The ‘‘Fircleve” range is made by 


FIRTH GLEVELAND STEEL STRIP LTD. 


formerly Charles Cooper (Tipton) Ltd. TIPTON, STAFFORDSHIRE 
telephone TIPTON 2516 (5 lines) 


A MEMBER OF THE FIRTH CLEVELAND GROUP (fC) 


CRC 2 SS 
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THE BLUE PAGES 





@ HEATING OF FLUIDS BY 
ELECTRICAL INDUCTION 
A recent invention is con- 
cerned with the heating of liquids, 
gases, or liquid or gaseous sus- 
pensions by electrical induction, 


A QUICK GLANCE AT THE LATEST 
TECHNICAL 
THROUGHOUT 


DEVELOPMENTS 
THE WORLD 





which produces eddy currents in 
a ferromagnetic material submerged in the fluid. 
In order to provide a large transfer of heat from 
the ferromagnetic material to the fluid, the 
heating apparatus is so designed that the ferro- 
magnetic material presents a large surface to the 
fluid, e.g., in the shape of hollow co-axial 
cylinders. In a typical design envisaged, the 
fluid to be heated is contained or passed through 
a vessel of non-magnetic material containing a 
hollow cylinder, open at both ends and made of 
a ferromagnetic material ; this cylinder is heated 
by an alternating current of appropriate fre- 
quency passed through a coil encircling the 
vessel. The ferromagnetic material will yield 
its heat by convection and radiant heat transfer 
to the fluid contained in the vessel. In order to 
increase the heat-transmitting surface, several 
coaxial cylinders may be arranged in the vessel 
and, by appropriate baffles, flow-paths over the 
surfaces of the cylinders may be so disposed 
that the fluid passes successively over the sur- 
faces of the individual cylinders. Instead of 
being cylindrical, the ferromagnetic elements of 
the apparatus may have an elliptical or any 
other suitable cross-section. In addition, the 
heating effect at various points along the length 
of the ferromagnetic cylinder or cylinders may 
be altered by varying the distribution of the 
turns of the heating coil. Alternatively, the 
thickness of the walls of the ferromagnetic 
cylinder may be varied over its length. 


@ CADMIUM-COATED ALUMINIUM WIRE FOR 

SOLDERING 

A possible method of rendering aluminium 
wire solderable by the techniques normally used 
for the soft-soldering of such metals as copper 
or tinned copper is the application of a coating 
of some other easily solderable metal to the 
surface of the wire to be soldered. [t has been 
found that metals such as zinc, lead, tin, and 
their alloys can be applied to an aluminium wire 
as a coating by immersion of the wire in a bath 
of the molten coating metal, the immersion 
being either accompanied or preceded by a 
surface preparation such as scraping, abrasion, 
or supersonic vibration. The capacity for sol- 
dering obtained in this way is not, however, 
lasting. Tests have shown that, within a week 
or so, when exposed to ordinary atmospheres, 
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solderability is completely lost, and this may 
be due to the coating losing its adherence to 
the aluminium. A recent patent describes an 
aluminium wire, the surface of which has been 
supplied with a thin adherent coating of cad- 
mium or cadmium-zinc alloy containing up to 
50° zinc. The coating can be applied by im- 
mersing the wire in a bath of the molten metal 
and abrading or scraping the aluminium surface 
while it is in the bath or about to enter it 
Alternatively, the wire may be subjected to 
supersonic vibrations while immersed. It is 
claimed that this method has the advantage of 
permitting coating to be carried out as a con- 
tinuous process, the wire being drawn through 
the bath of cadmium or cadmium-zinc alloy 
It is mentioned that aluminium wires coated 
with commercially pure cadmium and then 
drawn down to 10°, of their original diameter 
have a solderable life of from ten to twenty 
times that of tin-coated aluminium wires, and 
that similar results are obtained using the 
cadmium-zince eutectic alloy containing &2' 

cadmium and 18 °% zinc. 


@ FINE-PARTICLE BLASTING 

Fine-particle blasting is a new method in 
which abrasive particles, as small as 3 microns 
and suspended in water or air, can be used for 
cleaning, metal removal, and polishing, the 
particular effect achieved depending on the type 
and size of the particles, the material being 
blasted, and the exposure conditions. Cleaning 
ranges from taking paint off glass to scale 
removal. It is claimed that the operation is 
faster than pickling and that the surfaces are 
left metallurgically clean ; also, there is no 
hydrogen embrittlement, while surface rough 
ness can be controlled by the correct selection 
of abrasive size. Complex configurations such 
as hobs and broaches and all types of dies can 
be cleaned and polished rapidly. In the case of 
dies, the surface can be given a matte finish 
which will hold oil and lubricate the dic. In 
spection of the surface for cracks is casy, as the 
fissures and cracks are quickly cleaned out and 
shown up. In its application to metal removal 
fine-particle blasting is limited to fine cuts 
Small burrs can be removed, but the cutting of 
large radii is impractical. Fine cuts are useful 





— Master H. W. Pipe owns up 





| was always in hot water — or rather hot water 
was always in me — when I left the boiler-room. 
But then I wandered about the school, improperly 
dressed. I used to dissipate my heat in draughty cor- 
ridors. By the time I reached the dorm’ radiators, | 
was as tepid as school tea! 

But now I’m the blue-eyed boy: from outlet to 
delivery, I’m clad in Fibreglass Rigid Sections. So 
delightfully light, so superbly trim — no bagging at 
the knees and no losing degrees! My behaviour as a 
saver of fuel and a deliverer of hot water is earning 
A-plus Reports from all. But I’m not expecting a 
prize for Good Conduct. Because my Fibreglass 
jacket is about the world’s poorest conductor — of 


heat anyway! 


) If Ve IN Ce 
-EGLASS 


TRADE MA 





“RIGID SECTIONS HAVE 
PUT ME ON TOP OF 
MY FORM!” 


ASTER H. W. PIPE WRITES HOME 


For the whole story, please write to: 


FIBREGLASS LIMITED, ST. HELENS, 





“I WAS A SNEAK” 












LANCASHIRE +: ST. HELENS 4224 
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in mating close-fitting parts, since remounting a 
part in a machine tool for extremely fine cuts 
is often impossible. Experience to date has 
shown that non-ferrous metals are harder to 
cut than alloy steels. In fact, lead has been 
found to be almost resilient to the blasting 
action, and it appears that soft metals are more 
critical of the type of abrasive used. Surface 
finishes achieved range from 180 to 5 micro- 
inches r.m.s. A blasted surface of aluminium 
can be directly chromium-plated if the part is 
kept in de-aerated water after wet-blasting. The 
water used in fine-particle blasting is treated by 
the addition of a wetting agent, a rust inhibitor, 
and a dispersion agent to make the particles 
repel each other. 


@ RAPID DETERMINATION OF MELTING 

POINTS 

A recently patented device for the rapid 
determination of the melting point of sub- 
stances basically consists of a transducer with 
a thermocouple, made of fine wires of platinum 
and a platinum-rhodium alloy, or copper and 
constantan, attached to the bottom of a metal 
dish in which a sample of the substance to be 
investigated is placed. The dish, preferably 1-5 
to 3-5 mm in diameter and made of platinum 
foil, is passed through a tube which is unevenly 
heated over its length, so that the substance is 
exposed to varying temperature as the metal 
dish is moved through the tube. In this way the 
temperature of the substance is progressively 
increased until it begins to melt, the thermo- 
electric potential produced at the hot junction 
of the thermocouple attached to the dish being 
indicated by a galvanometer or a suitable re- 
cording instrument. As the substance starts 
melting, a mixture of solid and liquid phases 
settles into intimate contact with the bottom of 
the dish. While the observed or recorded ther- 
mo-electric potential rises as the transducer is 
heated with the substance in the solid phase, it 
remains substantially constant at a value cor- 
responding to the melting point when liquid and 
solid phases are present together, and the 
potential will begin to rise again at a sub- 
stantial rate only when the solid phase has 
disappeared. 


@ SPIRAL-POINT METHOD OF GRINDING 

TWIST- DRILLS 

A new method of grinding twist-drills has 
been evolved and is claimed to give the drill 
point improved cutting characteristics and to 
diminish extrusion of the workpiece. Whereas 
standard drill-grinding methods produce a 
chisel-edge at the centre of the drill, so that 
there is no point to encourage centering of the 
drill, the new spiral drill-grinding method has 
an S-shaped edge at the centre and a point on 
JANUARY, 
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the drill axis which aids self-centering. Also, the 
large negative rake of conventionally ground 
drills is reduced, so that the edge becomes an 
effective cutting tool and chips are sheared 
instead of extruded. Furthermore, there is 
ample room for the chips to escape. It is re- 
ported that in extensive laboratory and field 
tests the new method of grinding has proved 
itself capable of producing superior holes 
Since the pointed centre edge gives the drill the 
tendency to centre itself, centre punching and 
drill bushings often can be dispensed with, and 
holes are not bell-mouthed, while, at the same 
time, the centering action means that holes will 
be closer to size. The suspicion that the raised 
centre of the spiral point might be subject to 
collapse has proved unfounded ; in fact, it is 
reported that the lives of spiral-point drills at 
least equal those of standard drills, and in many 
cases are even superior. More efficient cutting 
of the drill point also reduces forces, particu- 
larly the thrust force on the drill. In a series of 
tests conducted on five different steels, thrust 
forces on the spiral point ranged from 15 to 
34°%% below those for standard drills, the differ- 
ence being greatest for lower feed rates. It can 
be assumed that it is this reduction in thrust 
which counteracts any tendency of the spiral 
point to collapse. 


@ BACK-WINDOW CATHODE-RAY TUBE FOR 


SUPERIMPOSED DISPLAYS 

A back-window cathode-ray tube has been 
developed which can be used in radar guidance 
systems, where route maps, airport traffic pat- 
terns, or other optical information super- 
imposed on the electronic display will aid in 
interpreting the radar image. In this tube, 
electronic and pictorial data on a 35-mm film 
strip are projected optically through a back 
window in the tube and are superimposed on the 
phosphor viewing screen for comparison with 
the electronic display. This back-window design 
eliminates the ghost-reflection problem of using 
mirrors in front of the tube for superimposition 
The 10-in. tube incorporates magnetic deflection 
and electrostatic focusing, and its cylindrical 
shape minimizes the size of the back window. In 
order to reduce optical complexity, the win 
dow is located as close as possible to the elec 
tronic axis of the tube. The main body of the 
tube consists of a conventional faceplate, a 
central cylinder, and a backplate, the neck being 
attached to the tube by means of a flared pro 
trusion on the backplate The optical system 
departs from conventional projection optics to 
ensure full screen coverage, this being achieved 
by locating the wide-angle projection lens close 
to the back window of the cathode-ray tube 
Image-forming lenses are oriented with their 
axes parallel to the tube axis to prevent keystone 





Always a move ahead.... 


> 
> 
nging pattern of the modern industrial world 
places the greatest demand on engineering 
resources. As the largest pressure die casting 
organisation in the country, it has always been 
our policy to anticipate these trends and 


translate them into mass-production processes 


Oliva Coo nretieliCcam imrAtolomeTileMeclitiortiortereemmel omer titbere) 


is alrdady at the service of over 700 customers in 
30 industries and we are well-equipped 


to deal with your enquiries 


THE WOLVERHAMPTON DIE CASTING COMPANY LIMITED 
GRAISELEY HILL WORKS WOLVERHAMPTON TELEPHONE : 23831/6 


THE ENGINEERS’ DIGEST 








distortion. Owing to the displaced position of 
the projection lens, a field lens is used to collect 
the image-forming rays to give uniform screen 
illumination. It is stated that this type of 
cathode-ray tube can also be used to photo- 
graph an electronic display through the back 
window. By providing more than one window, 
a combined electronic and optical display can be 
recorded. 


@ DICHROMIUM BORIDE MATERIALS FOR 
HIGH-STRENGTH COMPONENTS 
Chromium has long been known as a 

material which has marked corrosion resistance 
at high temperatures, this resistance being due 
to the formation of a surface layer of chromium 
oxide. However, chromium has relatively low 
creep resistance at high temperatures, though 
to some extent this disadvantage can be over- 
come by combining the chromium with boron. 
Now, however, a recent patent claims that, by 
combining chromium boride with dichromium 
boride, a material is obtained which is superior 
to other chromium boride compounds. The 
new material is stated to possess high hot- 
strength and corrosion resistance and to be far 
superior to either dichromium boride or chro- 
mium when used alone for producing high- 
temperature metal parts. The dichromium 
boride will take about 20°, chromium in solid 
solution and, by choosing the proportion of 
excess chromium, the material may be given 
the desired degree of strength and corrosion 
resistance, as well as the required degree of 
ductility at elevated temperatures, depending 
on the temperature at which it is to be used. 
Shaped articles of high strength, creep resis- 
tance, heat-shock resistance, and corrosion 
resistance at elevated temperatures, combined 
with the desired ductility, may be produced 
from powdered dichromium boride and excess 
chromium by powder-metallurgy or ceramic 
techniques, including hot-pressing, cold-press- 
ing, or hydrostatic pressing of the desired shapes, 
followed by sintering. 


@ FUEL CELL FOR DIRECT CONVERSION OF 
THE CHEMICAL ENERGY OF GASES INTO 
ELECTRIC CURRENT 
It is reported that an improved fuel cell has 

been developed for the direct conversion of the 

chemical energy of gases into electric current. 

The cell, which utilizes hydrogen and oxygen 

as fuel, contains chemically treated, hollow, 

porous carbon electrodes, through which the 
gases enter the cell, and which also conduct the 
electric current produced by the electrochemical 
reaction. The claim is made that this fuel cell, 
which is designed to operate at ambient tem- 
peratures, is the first cell of its kind which does 
not depend on high temperatures or pressures 
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for efficient operation. The water produced as 
the result of the electrochemical reaction of the 
gases at the electrodes is disposed of by evapora- 
tion, and the life of the cell is theoretically un- 
limited. Operation of the fuel cell at ambient 
temperatures is stated to result in a high effi- 
ciency. The normal operating temperature ol 
the cell ranges from 120 to 140°F. The ability 
of the cell to operate at approximately atmos- 
pheric pressure has the obvious advantage of 
eliminating heavy, expensive pressure vessels. If 
increased output is desired, however, it can be 
obtained by increasing the pressure, since, for 
a given cell, output increases directly with pres- 
sure. The efficiency of the new fuel cell depends 
on how it is used, but the general efficiency 
range is said to be from 65 to 80°, at normal 
temperatures and pressures. The cell operates 
most efficiently when no attempt is made to 
draw the maximum power from a minimum 
volume. Efficiency is affected by power density, 
so that, at lower currents, a greater percentage ol 
the chemical energy is converted into electrical 
energy. Research and development results 
obtained so far indicate that the optimum fuel- 
cell design will be one which will produce 
approximately one kilowatt of power from a 
packaged unit one cubic foot in volume 


@ AIR-STABLE TITANIUM POW DER 


While the technique of powdered metal 
manufacture is quite firmly established, the 
manufacture and use of titanium powder have 
hitherto been a problem of considerable magni 
tude. As a result of lengthy research, a special 
type of titanium powder with a purity higher 
than 99°, has now become commercially avail- 
able. Unlike powders made from the decom 
position of titanium hydride or from the disinte 
gration of titanium sponge, the new powder 
consists of minute individual sponge-like par- 
ticles which offer excellent compressibility 
Ordinary titanium powder, which represents a 
large reactive area in the fine-mesh sizes, 1s 
usually spontaneously inflammable, and is there 
fore shipped under water, thus requiring pro 
cessing before it can be utilized. The new 
powder, however, appears to be stable, showing 
no tendency to spontaneous combustion or to 
easy oxidation when exposed to air This 
stability seems to be due to the tendency of the 
oxygen content to concentrate in the surface 
molecules of the particle as a sub-oxide, which 
tends to protect the particle of titanium against 
further oxidation below the surface. This ten 
dency is characteristic of the new process, which 
forms a loose agglomeration of powder that is 
later broken apart, washed, and screened. It 
was found that after the final washing, any 
endeavour to dry the powder resulted in oxida 
tion because of the adsorptive characteristic of 
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the powder. A purging technique using a hygro- 
scopic organic vapour at low temperatures on a 
counter-current basis has been developed which, 
in combination with a vacuum, leaves the powder 
moisture-free and without oxidation. The 
powder produced by the process, in the case of 
100-mesh size, has a maximum of 0-:2°% oxygen 
and less than 0-1 % nitrogen. 


@ IMPROVED ELECTRODEPOSITION PROCESS 


A recent patent specification describes an 
improved method of producing metal layers by 
electrodeposition, and is based on the fact that 
the rate of electrolytic deposition of metals can 
be increased by maintaining the electrolyte in 
continuous motion, so as to prevent excessive 
reduction of the metal-ion content in the liquid 
layer adjacent to the cathode, as well as prevent- 
ing excessive concentration of metal ions in the 
liquid layer adjacent to the anode. With this 
method the electrolyte is continuously stirred 
mechanically between the anode and the cathode 
in such a manner as to promote rapid and uni- 
form interchange of the layers of electrolyte adja- 
cent to their surfaces. Where the cathode has a 
flat surface on which the layer of metal is to be 
deposited, this surface is preferably located 
horizontally, a flat anode being placed parallel 
to this surface. The stirrer is in the form of a 
rotary impeller, at least a part of which moves 
horizontally and uniformly between the cathode 
and the anode. Where the cathode surface is 
the inner surface of a cylinder, as in the case of 
bearings, the cathode is preferably located with 
its cylinder axis vertical. The anode is a vertical 
body of circular cross-section mounted centrally 
within the cathode, and the stirrer is in this case 
a rotary impeller with axially elongated vanes 
between circular end-plates, the vanes revolving 
in the annular space between anode and cathode. 
Where the articles on which the metal layer is 
to be deposited are semi-cylindrical, such as 
steel-backed thin-wall bearing shells, the cylin- 
drical cathode can be built up by fitting the 
segments together to form cylinders and stacking 
the cylinders one above the other. 


@ ELIMINATION OF HYDROGEN EMBRITTLE. 

MENT OF HIGH-TENSILE STEELS 

By vacuum-metallizing a cadmium coating 
onto heat-treated high-alloy steels, it 1s reported 
that hydrogen embrittlement of the material can 
be eliminated, thus extending the strength range 
of the steels. The effect of hydrogen embrittle- 
ment on steel, heat-treated to an ultimate tensile 
strength of less than 180,000 psi, is either negli- 
gible or can be relieved by appropriate thermal 
treatment. With strengths higher than the above, 
the effect of hydrogen embrittlement on the 
ability of the steel to carry sustained tensile 
loads becomes increasingly dangerous Al- 
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though thermal treatment relieves embrittle- 
ment under carefully controlled conditions, the 
possibility that such conditions will not prevail 
in actual production constitutes a considerable 
risk. By depositing cadmium from the vapour 
phase in a vacuum there is no possibility of the 
steel becoming charged with hydrogen. Such 
coatings, furthermore, have been shown to have 
a protective power comparable with that of 
electrolytic coatings of the same thickness and 
at least equal throwing power. The advantage 
of anodic protection by cadmium may therefore 
be extended safely to steels in the ultra-high- 
strength range. Specimens and parts are pre- 
pared for cadmium-metallizing by light grit- 
blasting immediately prior to racking and 
placing in the vacuum chamber. The time re- 
quired to achieve an 0-5-micron vacuum varies 
from 10 to 45 min, depending on the type of 
equipment used and atmospheric conditions 
prevailing. The time for applying a cadmium 
coating of 0-0005 in. thickness varies from 15 
to 35 min. ' 


@ AIRBORNE EVAPORATIVE COOLING SYS 

TEM FOR ELECTRONIC COMPONENTS 

Few electronic components can withstand 
temperatures above 260 F. Consequently, the 
provision of adequate cooling for such components 
for high-speed aircraft or missiles remains a major 
consideration. Up to the present, ram-air or re- 
frigerated-air systems have been generally used to 
accomplish this end. It is therefore of interest to 
note that an airborne evaporative cooling system 
to protect electronic equipment inside aircraft or 
missiles has been developed which can be used 
for temperatures up to 800°F, corresponding to 
a speed of Mach 5. A conventional electronic 
chassis is used, with valves or transformers pro 
jecting from the upper surface, and components 
of various other types arranged in the lower por 
tion of the chassis. Mating mechanically with the 
chassis is a container carrying the water used as 
the evaporative fluid. Around each of the valves 
is a recess, and a high rate of heat transfer is 
obtained by direct contact between the surface 
of the valve and the fluid. The heat first passes 
through a finger-type material which is wrapped 
around the valve to provide metallic contact 
between the surface and the insides of the shell 
It then goes through the shell to the boiling 
water on the outside of the shell, steam escaping 
through a filler port and a vent, in which a check 
valve functions during inverted flight or negativ: 
gravity conditions to prevent the loss of water 
The check-valve also controls the boiling pres 
sure, and a baffle prevents loss of water during 
violent boiling. An important feature of th 
system is that, owing to the fixed temperature 
level, compensation in the electronic circuits can 


be simplified 
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Prefabricated Forms of Ceramic Fibre and Their Uses 


By C. B. WALWorTH. (From Materials in Design Engineering, U.S.A., Vol. 46, No. §, October 1957 
pp. 124-129, 10 illustrations.) 


ORIGINALLY developed for jet engines, aluminium silicate 
fibre has become important for many other applications 
where design requirements cal! for a high-temperature- 
resistant, lightweight, strong, fibrous material with low 
thermal conductivity. 

While traditional inorganic fibres, such as glass, 
mineral wool, and asbestos, provide excellent service at 
temperatures up to 1000 F, exposure above this tem- 
perature seriously degrades these materials. Aluminium 
silicate fibres are primarily intended to serve in similar 
types of applications at temperatures ranging from 1000 
to 2300 F, i.e., in the range between previously available 
inorganic fibres and insulating refractories 

Aluminium silicate fibre has a melting point of 
2800 F for the coarse long-staple type and 3300 F for 
the medium-coarse long-staple, fine long-staple, and 
short-staple types, with corresponding maximum service 
temperatures of 1600 and 2300 F respectively. When 
exposed to temperatures in excess of 2000 F for long 
periods of time, the material undergoes devitrification, 
i.e., the amorphous or random crystalline orientation 
changes to a definitely arranged pattern This phase 
change makes the fibre more brittle, lower in tensile 
strength, and more easily abraded. There is also some 
indication of shrinkage. There is no evidence of melting 
at temperatures under 3000 F. 

Short-staple fibres are produced by passing the 
stream of molten aluminium oxide/silica (1:1 ratio), 
which contains small quantities of sodium and boron to 
help control the melt, into a high-velocity air or steam 
jet, which disintegrates the stream into very fine particles 
or droplets, and attenuates these droplets into fine fibres 
as they cool rapidly. The fibres are carried away by 
suction and collected for processing 

Long-staple fibres of controlled diameters are pro 
duced by a recently developed process in which small 
quantities of zirconia are added to control the melt 
Coarser varieties are available for specific applications 
such as air filtration 

Though originally available in fibre form only, in 
recent years the material has become available in a 
variety of prefabricated forms, each of which provides 
maximum design effectiveness for specific applications 


BuLK OR Basic Form 


One of the major uses of aluminium silicate fibre in 
bulk form is high-temperature insulation. Applications 
include furnace hot-topping, heating-clement cushions 
and jet-engine blankets. The bulk fibre is also used as 
an expansion-joint packing in kilns and furnaces to 
reduce heat losses and help maintain uniform furnace 
temperatures. In an early application, short-staple fibre 
was packed as a lining for stainless-steel cans used as 
combustion tubes in gas- and oil-fired turbines 
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Short-staple fibre is used in place of asbestos 
tinuous brazing furnaces to cushion 


copper 


aluminius 


parts. The use of the material results 


maintenance costs and longer life, as the 
silicate fibre can withstand 150 trips throug! 


ihe 
cycle, as compared with two or three cycles for 


Many of the insulation applications for 


WN 


fibre is used also require that the insulation be 
resistant, Le., fibres must not be shaken 


service 


resistance than short-staple fibres, 


Long-staple fibres provide 


Loose 


better 


This umpr 


t10n resistance is an important requirement w 


fibres are used for insulating rolls conveying 


alloy sheet-metal through annealing furnaces 


rolls are normally fabricated by 


assembling a 


refractory cylinders on a long, water-cooled, stec 


pressure is applied at each end of the roll to 


refractory cylinders under compression 
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aluminium silicate fibre is used as a bulk packing 


the rolls to protect the rod from hea 


refractory roll surfaces 


Long-staple aluminium silicate fibr 
filter gases in the 1400 F range. Coarse 


or fine 


specified to obtain the desired filter characterist 


grades, or composites of thes 
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Batts are formed by bulking the fibre into 
like shape, which is held together mech 


or a similar fastening device 


For 


batt form is placed in the bottom of a 


solids from roasting or calcining opera 


conveying cxtremely hot mat 


the upper part of the chamber, and au 


the fibrous batt keeps the solids 
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80 mils. Papers less than 10 mils thick, suitable for appli- 
cations such as wire and coil wrapping, are difficult but 
not impossible to produce. 

The thin gauge and low thermal conductivity of 
ceramic-fibre papers make them useful high-temperature 
lining materials. Many non-ferrous metals, such as 
aluminium, magnesium, and some brasses and bronzes, 
do not readily wet or attack the fibre. Thus, the paper 
can be used to line metal ducts, ladles, crucibles, spouts, 
ingot moulds, and other metal components used to handle 
these molten metals. 

The paper can be used as a lining for combustion 
chambers in oil-fired domestic heating units, protecting 
the steel wall of the chamber from direct flame impinge- 
ment. 

The paper is also used for gaskets on pressure vessels, 
flanges, orifice blocks, and other equipment for high 
temperatures and moderately low pressures. Because of 
the relatively high porosity of the paper, it can be im- 
pregnated with silicones, fluorocarbons, and similar 
heat-resistant impregnants to adapt the paper to higher- 
pressure gasket applications. 

The paper has also been used successfully as a brazing 
cushion in making brazed stainless-steel honeycomb 
sandwich structures. Dimensional stability and inertness 
are primary requirements. 

PREFORMED BLOCKS 

Preformed blocks are made of short-staple fibres and 
suitable fillers and binders which do not reduce the 
2300°F maximum service temperature of the material. 

Aluminium silicate blocks are used to reduce hot 
wall temperatures in industrial furnaces, kilns, and com- 
bustion chambers. The block provides lower heat losses 
and lighter walls, compared with many conventional 
refractory fire-bricks. 

Devitrification may occur in combustion applications 
because of the high temperatures, but the temperature 
gradient through the block is such that devitrification is 
generally confined to the hot face of the block. In a 
number of cases, the block appears to be stronger after 
exposure to devitrifying conditions than before. Ap- 
parently, exposure to high heat conditions does not 
seriously degrade the insulating properties of the blocks, 
and such blocks can be re-used, even though the hot 
faces may be more easily abraded and show some surface 
shrinkage. 

The blocks can be used to line the combustion cham- 
ber of an oil-fired furnace. Such blocks reduce slag 
build-up on the chamber wall, and little if any erosion 
from direct flame impingement occurs. The lightweight 
block also eliminates the need for a‘ forced-air ** after 
purge ’’ of the furnace. Purging is now effected entirely 
by bleed-down of the primary air pressure chamber and 
by natural draught through the secondary air control 
damper and blower. 

The good resistance of aluminium silicate blocks to 
thermal shock is of particular advantage when they are 
used as roof tiles in tunnel kilns. Tunnel-kiln operations 
occasionally involve jam-ups because of movement of 
skid-rails or ware-supporting setter-plates. Usually, 
substantial production time is lost waiting for the kiln 
to cool slowly, in order to avoid fracture or spalling of 
the insulating brick. Kilns insulated with aluminium 
silicate block can be cooled more rapidly because of its 
superior thermal-shock resistance. Also, the block can 
be re-used after the tunnel has been dismantled and the 
jam-up straightened out. 
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Blocks are currently used to line electric furnaces 
(4 to 6 ft in diameter and 10 to 15 ft in length), used to 
form graphite tubes. The blocks are cut into strips 6-in. 
wide and pressed or bevel-cut to fit the inside contour of 
the steel vessel, providing effective insulation, while 
maintaining a furnace firing temperature of 1650 +-70°F 
for several days. The blocks have provided satisfactory 
service for several years of operation without deteriora- 
ting in either oxidizing or reducing atmospheres or after 
contact with pitch vapours and sulphur gases. 


TEXTILES 


Several types of high-temperature-resistant textile 
products have been developed in the last three years. 
These products, made from long-staple fibres, include 
blankets, roving, yarn, rope, tape, and broad woven 
textile goods. Yarns reinforced with glass filaments, 
alloy wire, and other reinforcements have been produced 
experimentally. 

Aluminium silicate fibre blankets are used as high- 
temperature insulation in furnace tops, sidewalls, and 
ducts ; turbine exhaust lines ; and superheated steam 
piping. For piping applications the blanket is particu- 
larly well-suited for insulating fabricated sections such 
as flange and valve covers and elbows. These insulations 
are usually assembled by encasing the blanket in a flexible 
alloy wire screen or heat-resistant cloth and stitching the 
assembly together. Removable coverings can be made 
up in this manner. 

The degree of insulation obtainable with these blan- 
kets is indicated by an installation in an incinerator used 
to burn exhaust fumes generated in a paint-spraying 
operation. The blanket reduces a combustion-chamber 
temperature of 1600 to 1700°F to a safe level of 150°F 
on the outside shell. 

Aluminium silicate blankets are also used as a packing 
between firebrick linings of a petroleum refining furnace. 
The firebrick expands and contracts with fluctuating 
temperatures in the furnace, and the blanket acts as an 
expansion-joint filler, as well as a seal against gas leakage. 

Combinations of aluminium silicate blankets and 
glass fibres or asbestos materials offer interesting possi- 
bilities. The blanket is used to reduce the temp2ratures 
to a safe range for the glass or asbestos. A flange cover 
recently assembled for superheated steam piping reduces 
a hot-face temperature of 1100°F to about 100°F on the 
cold face through 24 in. of aluminium silicate blanket 
and 14 in. of glass-fibre blanket. The resulting assembly 
is about one-half the weight of conventional insulation. 

A number of applications are now being investigated 
for the other textile products. Among these are gaskets 
and seals in heat-treating furnaces, rope packings for 
moulds (between the hot top and the ingot mould) in 
steel manufacture, bag filters for collecting hot carbon 
and chemicals, and electrical wire winding and wrapping. 


CASTABLE COMPOSITIONS 

A castable aluminium silicate fibre composition has 
been developed by using some of the new high-tempera- 
ture binder materials. Aluminium silicate offers ex- 
tremely good thermal shock resistance, low thermal 
conductivity and much lower density than previously 
available castable refractories. In addition to drying lids 
and pressure-vessel linings, castable aluminium silicate 
fibre has been used experimentally on boiler access doors, 
and as incinerator linings, duct insulation, and induction- 
furnace shielding. 

Castable aluminium silicate has also been used in a 
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lid for drying and setting ceramic linings in casting pots. 
The lid is exposed to a temperature cycle of room tem- 
perature to more than 2000 F. Burner blocks are 
mounted on the lid, and an air-gas mixture is burned to 
provide a heat source. In operation, the castable surface 
is suspended over the casting pot and thus is in direct 
contact with the flame sweep during firing. Lids made of 
other types of castable refractories weigh between 1500 
and 2000 lb. For an equivalent thickness, the lid made 
of aluminium silicate, which has a specific gravity of 
2:73, weighs only 350 Ib. 

The castable composition is also used as a lining for 
pressure vessels. The lining is installed on the inner wall 
of the vessel and conforms to the contours of the top 
and bottom, as well as the inlet and outlet ports. In one 
application, the vessel is designed to withstand 300 psi 
gas pressure at 1500°F. The lining, applied 2 in. thick, 
permits the original 2-in. stainless-steel wall to be re- 
placed with a 4-in. carbon-steel wall. 


MOULDED SHAPES 


Rigid structural moulded shapes consisting of alu- 
minium silicate fibres and high-temperature binders 
have also been developed. Several applications for these 
moulded products are being investigated, among them 


being re-usable risers for non-ferrous casting—attractive 


because the riser would not be wetted by molten alu 
minium or magnesium. Also of interest are combustion 
chamber liners, baffles, flame deflectors, small 
and oven liners, and can setter-plates and shields. Corru 
gated sheeting serves as spacers in high-temperature 
absolute filters and may be adaptable to base-plates for 
heating-element wires. 

Rigid moulded ceramic-fibre products 
their relatively high porosity, can be impregnated by 
vacuum and immersion techniques with 
available inorganic binders, as well as rubber, phenolic, 
epoxy, and silicone solvent or latex-base materials. The 
electrical and physical properties of such composites 
depend to a great extent on the materials used for 
impregnation 


furnace 


because of 


commonly 


POTENTIAL APPLICATIONS 


Potential applications of aluminium 
include its use in smog control 


Silicate fibre 
In this connection it 
appears that much improvement can be accomplished 
by incinerating waste materials 


than are now customary 


at higher temperatures 
Even raw sewage, when burned 
at temperatures above 1400 F, produces no objectionable 
odours or air contaminants. Aluminium silicate fibrous 
insulation can provide sufficient protection to permit 


(Concluded on page 14) 
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The Torque and Thrust Diagram as a Criterion of Drill Form 
and Performance 


By H. H. Kien. (From 


Werkstattstechnik und Maschinenbau, Vol. 47, No 


11, November 1987 $97 603 


PP 


15 illustrations.) 


THE twist drill has been known and used for decades, so 
that it might be assumed that it does not require further 
research and investigation ; nevertheless, new drilling 
problems are arising daily, not least in flow or transfer 
lines and multi-spindle machines, where the premature 
failure of a single drill is a most serious 
occurrence. Thus, the former criterion 
of a definite minimum life (often assessed 
in terms of the total length of hole 
drilled) must now be supplemented by 
the greatest possible uniformity of drill 
life, necessitating new investigations into 
drill form, selection of 
heat treatment! 


materials, and 


Test METHODS AND MEASURING INSTRU- 
MENTS 


for drill 
always be 


The most unequivocal test 
performance will probably 


the life test, despite its expensive 
nature, but the torque and thrust dia- 
gram has proved to be an alternative 


criterion of performance. The diagram 





is taken automatically during the 
drilling operation and consists of 
separate records of thrust force F and 


drilling torque 7 It is thus quicker 

than a life test and has a_ reliability 
commensurate with the accuracy, (1) Table 
sensitivity, and response of the meas- Fig 
uring and recording instruments. Pre- 
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Fig | (left), Arrangment of dynamometer 
(2) torque-measuring clement (3) damper 4) rolke ‘ 
(5) force-measuring clement (6) deflects plate 
2 (right) Schematic diagram of optical recording eyetem 
(1) Galvanometer ; (2) mercury-arc ght source ; (3) murror Ai : 


vious drill dynamometers been unable to follow 


the process in sufficient detail because of inertia effects 


have 
in either the measuring clements or recording syster 
The instrument used in the investigations reported here 


is practically inertia-free with regard to both measure 








ment and recording of force and 
torque ; thus, comparatively high- 
frequency changes can be recorded. 
The drill dynamometer (Fig. 1) was 8 
developed by Professor Opitz and was 
used in conjunction with an optical 


7 





recording system (Fig. 2). The measur- 
ing elements of the dynamometer com- 
prise iron-cored inductances, the cutting 
forces causing the cores to be displaced 
and thus giving rise to electromotive 
forces. The inductances are connected 
in an electrical bridge circuit and 
the difference in potential across 





the bridge (which normally operates a 
milliammeter) is fed to an instrument 
similar to a spot galvanometer, the reflected light from 
which gives a continuous record on a moving sensitized 
strip. For small forces, a pre-load enables the straight 
portion of the calibration curve to be used. A combina- 
tion exists of the sensitivity of the measuring element, 
the degree of damping, and the speed of the recording 
strip to give the best results. 


EXTENT AND EVALUATION OF THE INVESTIGATION 

Several factors were investigated during the tests, and 
these may be divided into two categories, i.e., (1) factors 
related to drill geometry (helix angle, point angle, clear- 
ance angle, and flute form), and (2) factors related to 
cutting conditions (spindle speed and feed). 


Drilling from the Solid: 


Fig. 3 is a torque and thrust diagram for drilling a 
hole from the solid, and shows three clearly defined 
sections, i.e., (1) a transient or initial stage, (2) a stage in 
which cutting on full diameter takes place, and (3) a 
run-out stage. 

According to Schallbroch,? the thrust F is given by 
by the equation 


F=4psD sin (€/2) ia co 


where D drill diameter, s feed, € point angle, 
and p specific cutting pressure of the material being 
drilled in the direction of feed. 
Eq. (1) may be rewritten 
F= CiD os - (2) 


where C, is the part of the equation which is independent 
of the drill diameter. 
Recent investigations by Kienzle and Victor® have 


180 kg 


64 cmkg 








Fig. 3. Torque and thrust diagrams for drilling a 12-mm diameter hole 
from the solid in a 60-ton steel. 

Type N high-speed drill with cutting emulsion ; 
670 rpm ; feed O01 mm/rev 


spindle speed 





Fig. 4. Diagram in Fig. 3 with extended base, showing (left) initial stage and (right) run-out 


Stage in greater detail. 
shown that the expression for the principal cutting force 
in turning, i.e., 


Fy kbt} Gah. a as (3) 


may also be used in drilling, where & is the principal value 
of the specific cutting force, b is the chip width, ¢ is the 
chip thickness, and z is an experimental factor. 

In applying eq. (3) to drilling, the chip width b 
a/sin(e/2), and the depth of cut a (D—d)/2 for a hole 
first predrilled to a diameter d and then to its final 
diameter D. Thus, for drilling from the solid (d 0), 
eq. (3) yields the following expressions for thrust and 
torque : 

k Ds} 


F 2[sin(e/2)] CaP .. a (4) 


T = 3FD 4C2D* 5 ov (5) 

These equations show that, during the initial and 
run-out stages (where the diameter changes linearly), 
the thrust force should vary linearly and the torque 
parabolically. The initial and run-out stages in Fig. 3 
are too compressed to assist greatly in the examination 
of this statement, but Fig. 4 has an extended base, 
enabling the stages to be considered in more detail. 
Insofar as the initial stage is concerned, A represents the 
instant at which the drill point contacts the work ; this 
is followed by a short period: in which the machine ele- 
ments flex, represented on the thrust diagram by the 
steep linear rise AB. Beyond B there is a transient stage, 
during which the thrust steadies and the torque shows 
its first perceptible increase. After this, thrust increases 
slowly, corresponding to the decrease in speed and feed, 
but torque increases quite rapidly, owing to the increase 
in diameter as the drill takes up the full cut. As soon as 
the drill cuts on full diameter (point C) both curves 
level off. 

During the stage of cutting on full diameter, there 
should, theoretically, be no changes in the cutting 
forces. Those shown in Fig. 4 are a manifestation of 
imperfect chip removal between points C and D, and, 
in general, the less the cutting forces increase with pene- 
tration, the better is the drill form. 

The run-out stage commences as soon as the drill- 
point penetrates the under-surface of the work at point 
E, and is easily recognized by a marked decrease in 
thrust. The torque, however, remains at virtually the 
same value. Earlier investigations indicated that the 
contribution of the drill-point itself to the total thrust 
amounted to some 50°,,, and hence the emergence of the 
drill-point must obviously relieve the spindle of an 
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appreciable part of the drill thrust. This causes a sudden 
increase in feed velocity (the peak to the right of E) and 
hence a chip section greater than the theoretical, thus 
delaying the decrease in torque. Later, from point F, the 
cutting forces decrease quite rapidly to zero (point G). 
Effect of Predrilling 

Two series of test were conducted, in which holes to 
be drilled to a final diameter of 12 mm were predrilled (toa 
certain depth) to diameters of either 1-5 mm or 6mm. After 
predrilling, the hole was then drilled at 12-mm diameter 
to a depth appreciably greater than that of predrilling 
The diagram obtained thus gave a record of the torque 
and thrust for a 12-mm diameter hole, either predrilled 
or drilled from the solid. 

Fig. 5 illustrates typical diagrams which show that 
predrilling to a diameter of 1-5 mm (Fig. Sa) reduces the 
thrust by 41°,, but torque by only 15 Similarly, for 
predrilling to 6-mm diameter, (Fig. 5b), thrust was 
reduced by 68°,, and torque by only 38° Thus, pre- 
drilling reduces the thrust load on the drilling machine 
quite considerably, even when the diameter of predrilling 
is small, though the performance of the drill does not 
appear to be materially affected. This means that, from 
the point of view of drill life, there is no great 


drops sharply before assuming the higher value asso 
ciated with drilling from the solid 
Effect of Helix Angle and Flute Form 

The increasing use of aluminium alloys has made it 
necessary to depart from the traditional practice of 
uniformity in helix angles and flute forms. In Germany 
flute forms for drilling different materials are standardized 
as follows : 

Type N : Steel, grey cast iron, and for general work 

Type W : High-strength light alloys 

Type H; : Brass, magnesium alloys, and materials 
of low cutting resistance in general 

Type He : High-strength steels 

The tests reported here were not conducted with a 
view to adding more types to the above list, but rather 
to show the uses of the torque and thrust diagram in 
selecting the most appropriate of the existing types. The 
tests consisted of drilling four different specimens of 
aluminium alloy with types N, W, and Hy, drills. The 
torque and thrust diagrams yielded the results 
marized in Table |, from which it is concluded that type 
W is the best choice for Al 99, while it is evident that 
type H;, as might have been expected, is not suited to 


TAME I 
advantage in adding the additional operation TYPE OF DRILL AND POINT ANGLE 
of predrilling ; however, on many non-rigid na te w tial 
machines, predrilling will be carried out, to MATERIAL ‘Brinell) onc neti th a 
enable the larger-diameter holes to be drilled Thrust Torque Thrust Torque Thrust Torque 
: : {kg} [kecm) {kg} = {kgom {he he 
Both torque diagrams in Fig. 5 show a 
characteristic phenomenon mentioned by ae r hg! = ~ pL +4 = +4 38 RE oe # 
Schallbroch’, i.e., that as soon as the cutting AIMg3. 52 12-80 28-38 72-76 2-38 146-4180) 70-41% 
edges are supported by the drill point, torque Al99 “4 96-142 44-0 88-100 38-53 
186 aluminium alloys, having at best a qualified application 











« 


Fig Torque and thrust diagrams for a 12-mm diameter hole in a 

60-ton steel, drilled to a final depth of 20 mm with a cutting emulsion 

showing (a) the effect of predrilling to 1 5-mm diameter to a depth of 

6 mm, and (b) the effect of predrilling to 6-mm diameter to a depth of 
0 mm 

spindie speed 210 rpm 


Type N high-speed drill ; feed 0-1 mmires 
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on duralumin (AlCuMg) and at worst a failure to drill 
Al 99 due to chip congestion. Using the results in Table 
I, the four materials may be arranged in descending 
order of machinability, with regard to the drilling opera 
tion, as duralumin, followed by the Al 3 Mg alloy, the 


AIMgSi alloy, and 99°, aluminium 


Effect of Chip-Breakers 


Tests were carried out on a design of drill witl 
special flute-form, in which a shoulder, acting as a chip 
breaker, extends over the flute length. The torque and 
thrust diagrams obtained showed no extraordinary 
characteristics, the cutting forces being a little higher, if 
anything, than those for a drill without a chip-breaker 

The percentage (by weight) of short chips appear 
be dependent on cutting conditions ; thus, for instance 
the chip-breaker 1s not as effective at small feed 


x 


shown in Table Il. Further tests are necess: 
an unqualified judgment on chip-breakers can be giver 
but it may be mentioned that life tests with a 6O-ton ste 
showed an increase in performance of 10 to 1° for 


drill incorporating a chip-breaker 


Influence of Point Grinding 


Tests were conducted with different point angk 
different clearance angles In general, for a giver 
amis 
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Fig. 6. Relationship between cutting forces and feed for various materials using 12-mm diameter 
drills of type N and H with a cutting emulsion. 
spindle speed 800 rpm. 


Depth of hole 20 mm ; 


material, the cutting forces increased as the point angle 
became larger, and eventually the point angle reached a 
critical magnitude beyond which chip congestion could 
not be prevented. From the tests with different clearance 
angles, the most appropriate range of values for a 60-ton 
steel appeared to be 8 to 12 deg. 


Effects of Spindle Speed and Feed :— 

The main effect of any change in spindle speed or 
feed is on drill life. The torque and thrust diagrams 
obtained showed that each drill form has an optimum 
spindle speed at which the cutting forces are not only a 
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Fig. 7. Variation of cutting forces with increasing wear for a 60-ton 
steel drilled to a depth of 20 mm with a type N 10-mm diameter drill, 
using a cutting emulsion. 
Spindle speed 1000 rpm ; feed 0-1 mm/rev 
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minimum but also remain sen- 
sibly constant over the depth of 
penetration ; for instance, when 
drilling a 60-ton steel, the cutting 
forces were high at the unusually 
low speed of 200 rpm, reached a 
minimum value at 1000 rpm, and 
at 1400 rpm showed a tendency 
to increase with depth of penetra- 
tion, although the actual magni- 
tudes were not greatly in excess 
of those occurring at 1000 rpm. 

An additional series of tests 
to determine the effect of cutting 
fluids showed an optimum speed 
of 120 m/min when drilling dry 
but, with a cutting emulsion, the 
optimum speed was found to be 
160 m/min 

The influence of feed is shown 
in Fig. 6. The tests consisted of 
drilling three different materials 
at each of three different feeds 
with a type N and type H drill, 
10 mm in diameter. Evidently, 
both torque and thrust vary with 
feed according to a power law, but the slopes (i.e., 
indices) are not all the same. For some specified standard 
feed, the materials could be given a machinability rating 
(for drilling) based on the magnitudes of the drilling 
torques. 


0.10 O17 


Effect of Cutting-Edge Sharpness : 

The degree of sharpness of the cutting edges is pro- 
bably the most decisive factor in drill performance. A 
well-ground drill has, initially, completely sharp edges, 
but this sharpness disappears after a comparatively short 
time. Narrow wear lands can be seen at the cutting edges 
but, at this stage, they do little to impair the ability of 
the drill to cut ; indeed, the cutting edges remain sharp 
enough to cut for quite a long time, and it has been 
suggested® that this is due to the drill having attained a 
certain state of equilibrium in relation to its wear and 
the effective cutting forces. Eventually, however, the 
cutting forces begin to rise more sharply, as shown in 
Fig. 7, the effect being evidently more pronounced for 
torque than for thrust. 

In the specific instance of a drill which had a life of a 
little over 75 holes, the increases in thrust and torque at 
45 holes were 23°,, and I] respectively. At the 75th 
hole (i.e., just before failure) the increases in thrust and 
torque were 47°,, and 33°,, respectively. 

It is suggested that the drill should be changed either 
when the torque or thrust has increased by more than 
30 to 35°, of its initial value or when it has increased by 
more than 20°,, of its value in the so-called equilibrium 
stage. It is considered that automatic recording devices 
would enable these criteria to be implemented in flow 
and transfer lines. 
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WEDEN 


A Multi-Recording Instrument for Relay Switching Times 


By E. NyLunpb. (From Fricsson Review, Vol. 34, No. 3, 1957, pp. 90-94, 6 illustrations.) 


PRIMARILY intended for the checking of circuit diagrams 
in the laboratory and eliminating the inconveniences of 
the usual recorders available commercially, which are 
either too slow or which have an insufficient number of 
styli, a new multi-recording instrument has been designed 
specifically by Ericsson for recording relay switching- 
time functions. It can, however, be used for other pur- 
poses, provided that the recording speed and number of 
styli are suitable. 





al 
Fig. 1. Multi-recording instrument for relay switching-time functions 


The multi-recorder (Fig. 1) is portable and is fitted 
with 32 styli, of which 29 are for recording and 3 for 
time marking. The chart is produced on electrolytic 
paper of the same type used in telefacsimile equipment 
for video transmission. Recording on this paper takes 
place very smoothly and simply, without the need for 
optical equipment, magnets, amplifiers, or other compli- 
cated apparatus; the recording is immediately visible 

As shown in the schematic arrangement of the re- 
corder in Fig. 2, the paper (1) runs over a metal rod (2) 
under each stainless-steel stylus (3), a current of from 20 
to 30 mA through the paper from the stylus to the rod 
producing a black line on the paper. The chart is fed 
forward by a rubber roller (10) driven by a synchronous 
motor (7) from normal a.c. 50- or 60-cps mains. The 
paper feed rate and the distance between the time mark- 
ings are determined by the mains frequency. The motor 
runs continuously and, when recording is to take place, 
the feed roller (10) is connected to the motor via adjust- 
able gearing (9) and a magnetic clutch (8). In this way, 
the paper quickly attains full speed, without the consi- 
derable wastage which would arise during starting of the 
motor. The adjustable gearing provides three different 
feed rates, ranging from 50 mm/sec (50-cps frequency) 
or 60 mm/sec (60-cps frequency) to 500 mm. sec (or 600 
mm/sec) The accuracy of reading is approximately 
Imm. All styli are easily removable for replacement 

The recording pulses are usually obtained from a 
special measuring contact (5) temporarily screwed to the 
relay under test. On operation of the relay armature, 
the contact closes the circuit to the styli via a battery (6) 
The use of a suitable series resistance (4) enables record 
ings to be effected at the normal battery potentials 
employed in telephone exchanges 
JANUARY, 
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The styli are connected to the control-board by a 
30-point plug, which can be inserted into one of four 
jacks. In one of these, the series resistance will be 750 
ohms for normal use, while in another jack the resistance 


will be 200 ohms, for use if the lines are too faint, as may 
occur at high speeds and with a low battery voltage 
Inserting the plug into one of the other jacks and using 


an interconnecting cord will put a rectifier, in addition 
to the resistance, in series with the styli 
The pulses can be obtained in three ways, ie 
(1) The relay under test is provided with the special 
measuring contact, and the spring assembly of the 
measuring contact 1s actuated by the movement of 
the relay armature, closing when the 





operates. One spring of the measuring cont 
connected to a single-wire cord, while the other 
spring is connected to the frame, so that it is nor 
mally in circuit with the positive terminal of the 
battery through the rack The frame of the measur 
ing contact ts also provided with a screw terminal 


for direct connection of the battery positive, in the 
event that the relay frames of the rack are not earthed 
In addition, the measuring contact carries 4 set-screw 
for adjusting the make to coincide with a given cor 


tact function of the relay. 

(2) If an extra make contact is provided on the 
relay, it can be used for recording 

(3) In certain cases, the stylus can be connected to 
one of the ordinary make contacts of the relay, using 

the rectifier already mentioned in series with the 

styli, so that the circuit through the paper does not 

prolong the release lag of the relay controlled by the 

particular contact 

The three time-marking styli are connected in parallel 
When the time-marker key is switched to the “ internal 
position, the time-marking pulses are received from 


transformer connected to the mains, the current passing 
through a rectifier, so that the time between the pulses 
will be 20 millisec at a mains frequency of 50 eps (or 
16% millisec at 60 cps). When the key 1s switched to the 
‘external’ position, the transformer is di nnected 
and any other pulse generator may be used 
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The Operational Behaviour of Transistors under 
Atomic Radiation 


L. Rippie. (From Electronics, Vol. 30, No. 


By R. 


THE applications of nuclear energy to the propulsion of 
ships, aircraft, etc., will require electronic equipment 
to operate under a wide range of nuclear radiation levels 
and, if circuits are to function properly, it will be necessary 
to compensate for irradiation effects on active circuit 
elements. 

As described in this paper, an experiment involving 
the effects of reactor radiation on the overall performance 
of an all-transistor amplifier and crystal video detector 
was carried out, using a pool-type research reactor. 
Measurements included tangential sensitivity and the 
transfer ratio of the system, i.e., the ratio of video output 
voltage to r.f. input voltage. Also determined was the rf. 
attenuation in a coaxial cable extending from the centre 
of the active pile area to the top of the pool. Other 
measurements included the noise in a properly terminated 
coaxial cable in the active pile area, and determination of 
the A-parameters and values of collector current /, for a 
single separate transistor in the active pile area. In this 
experiment, the transistor amplifier under test was located 
in an aluminium tube for insertion into the centre of the 
reactor. 

Tangential sensitivity was determined under the 
conditions of a 1000-me carrier, pulsed by 10-microsec 
rectangular pulses at 5000 pulses per sec. Tangential 
sensitivity was measured by adjusting power level in 
such a way that, on an oscilloscope pattern, the bottom 
of the noise pattern during the pulse was level with the 
top of the noise pattern when the pulse was absent. The 
power-level input produced with such a picture is the 
tangential sensitivity. Determination of the transfer ratio 
was made from the calibrated attenuator on the signal 
generator and a calibrated oscilloscope. 





Tanie 1: Exposure Timer FoR TRANSISTORS IN REACTOR 
naatne yep y Test a a 
Test | power Ux Duration = Remarks 
No > {neutrons ) Density 
|W] ae [sec] . 
cm®*-sec] {[neutrons/cm?] 
1 0 0 0 
2 3 0-7 10 420 2:9 10" 
3 10 23 10 840 1-95 10 
4 10 2:3 10° . 540 1:25 10 
5 10 2:3 10" 420 9-75 10 
6 10 2:3 10 420 9-75 10 
7 5 10 1-16 10 480 5-56 10 
8 10 2:3 10° 660 1-53 10 Reactor 
off 
9 Reactor 58,440 Overnight 
ofl decay 
10 2:3 10° 900 209 10 Calibrate 
013 1 10 14,280 43, 10 Calibrate 
and off 
10 19 2:3 10 1.020 2:37 10 
i! 10 23 10 1 
> > 
, Ho 5 : - 1,920 446 10 
14 10 2:3 10 
15 0 0 840 0 Sample 
with- 
drawn 
16 0 0 1,020 0 from 
alumin- 
tum 
17 0 0 63,360 0 tube 





The control measurements were included, so that the 
primary effects of radiation on the amplifier-detector 
system could be separated from possible extraneous 
effects The irradiation schedule used is shown in 
Table I and includes irradiation times for each power 


12 


12, 


December 1, 1957, pp. 125-127, 10 illustrations.) 


level. Neutron flux ® was taken as 2°32  10®P [neutrons 
cm*-sec], where P is the reactor power [W]. The total 
flux ® includes approximately those neutrons between 
thermal energies and 2 eV. The integrated neutron flux, 
i.e., the product of ® and the test duration, is also included 
in Table I. Gamma dose was determined from previous 
calibrations and was taken as being equivalent to a dose 
of 4-93 10P [roentgens/hr]. 


Test RESULTS 

The results of this experiment showed that tangential 
sensitivity, the most important measurement in a crystal 
video system, decreased as the experiment progressed, as 
indicated in Fig. 1, in which tangential sensitivity is 
plotted as a function of integrated flux density, the figures 
in the graph representing the various test numbers. As 
shown by tests Nos. 7 and 8, there is a recovery in sensi- 
tivity as soon as the reactor is turned off. Test No. 9, 
which was performed several hours later, still shows 
approximately the same sensitivity. 
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Fig. 1 Tangential sensitivity as a function of integrated flux density 


during the tests 


When the reactor was turned on again, sensitivity 
once more decreased with increasing flux. When the 
apparatus was removed from the flux field (test No. 15, 
Table 1), a recovery of sensitivity was noticed, but this 
was not as pronounced as that of test No. 8. A slight 
improvement was, however, hours later 
after test No. 17 

The results of these tests show that the sensitivity is 
affected by flux density as well as by integrated flux. The 
dotted line in Fig. | represents a guess at the probable 
effects of integrated flux, the solid line being the actual 
measurements, which represent a combination of per- 
manent and temporary effects. The distance between the 
dotted and solid lines approximates the effects of the 
temporary degradation as a result of the flux density. 
This was indicated by the amount of effective noise 
voltage found to be present at the input to the crystal, 
this noise voltage being large in those tests where flux 
density was high. The presence of this noise at these high 
flux levels results in the decreased tangential sensitivity 
shown in Fig. | 

With regard to the transfer ratio, measured as the 
ratio of peak-to-peak pulse output to r.m.s. radio- 
frequency input, no degradation of this ratio took place 
until an integrated neutron flux in excess of 10'* neutrons 
cm? was reached. From this point on, the transfer ratio 
dropped rapidly with increased integrated neutron flux 
The same general trend was noted with respect to the 


noted several 
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effect on the parameters of the control transistor, which test and also was measured in a much broader band 


started to degrade at an integrated neutron flux slightly width than that of the crystal detector and transistor 
higher than 10!° neutrons/cm?. amplifier. 
The crystal video circuit maintained its gain for an 
order of magnitude longer. This is probably a result of CONCLUSIONS 
the degeneration present in the circuit. The transfer ratio Several conclusions may be drawn from this experi 
recovered slightly after the device was taken from the ment. Fission spectrum irradiation on semiconductor 
flux field, this recovery being gradual and possibly due to devices has essentially three effects. These are transient 
thermal annealing of the defects produced by irradiation effects resulting from flux density and gamma heating 
This same effect was noticed in the control-transistor semi-permanent effects resulting from integrated flux, and 
parameters. permanent effects resulting from integrated flux after 
The collector current /, of the control transistor was annealing 
also monitored throughout the test. Results showed an The transient effects caused by flux density are effective 
increase in the value of /, up to test No. 7, followed by a mainly in producing noise and increasing the collector 
decrease for tests Nos. 8 and 9, with an increase to a peak current / The gamma heating, the second trans 
value for test No. 14 and a decrease thereafter to test effect, appears to increase /. and degrades the transis 
No. 17. The increase in the value of /. may in part be in the same manner as any increase in temperature. These 
due to internal gamma heating in the transistor. effects disappear soon after removal from the flux field 
There was no noticeable change in the r.f. trans- The semi-permanent effects caused by integrated flus 
mission through the coaxial cable used as a control. This result from lattice damage and transmutations. The s« 
cable was not monitored for attenuation of video signals permanent damage results in an overall change in the 
The noise power produced in a 12-mc bandwidth by characteristics of the semiconductor devices ' 
the properly terminated cable was 84 dbm residual, degrading their operation The degrading effects of 
the maximum reading on this cable being 82 dbm irradiation can, however, be controlled to some extent t 
This is well below the level of the r.f. signal used in the the use of negative feedback, when applicabk 
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New Sensing Device for Thermal Protection 


By J. Cervinka. (From Elektrotechnicky Obzor, Voi. 46, No. 11, 1957, pp. 597-600. 7 illustrations.) 
CURRENTLY used temperature-sensing devices have a The low-melting-point alloys used depend 
number of disadvantages and, in order to overcome these, temperature of the medium to be protected, and 
the simple and cheap device for the remote indication of present available for temperatures between 34 
elevated temperatures described in this paper has been 152 C in sixteen steps 


developed 


, : . 
The temperature-sensing device consists essentially of THERMAL INERTIA AND Timt La 


a closed capsule with an outer diameter of 7 mm and a Thermal inertia depends primarily on the rate 
length of 15 mm, which slides into a protective sleeve in which heat can be transferred to the conta rface of 
the same way as a mercury or a resistance thermometer the capsule, which, in turn, depends on the th 

Fig. la shows a cross-section of the device with normally properties of the medium under consider f 

closed contacts, in which the capsule contains a the coefficient of heat transfer between the med , 
low-melting-point alloy (A) and a drop of mercury (B) the wall of the protecting sleeve ; the rate of he f 
into which contacts, about 3 mm apart and made of 0-5- from the surface of the sleeve to the low-me eet 
mm diameter platinum wire, are immersed, the quantity alloy and the mercury ; and the heat capa f 

of alloy being such that it is just enough to retain the alloy, the mercury, and the contact of wt 

mercury. If the alloy is heated to its melting point, the heated at the same tim 


mercury falls and the circuit is broken, thereby indi 
cating the temperature rise of the spot to be protect- 
ed. The device can be connected cither into an indi 
cating circuit, or it can act by means of relays on 
appropriate protection circuits intended to stop the 
operation of any given equipment. It can be re 





used as required by heating and turning upside / ‘ ~\ j \ 
down, followed by cooling and replacing in i fs 8 t yj a 
position. Fig. Ib shows the device with norm SS ; { }j 
ally open contacts, these contacts being insulated ts + A A | 4 A 
from the mercury by insulation protruding be ae t 4 
low the layer of the low melting-point alloy 4 ¢ 7 
By combining these two types, a sensing device /| 4 Uj 
with switch-over contacts (Fig. Ic) is obtained / \ jf 
in which one of the two contacts penetrating + 4 
the low-melting-point alloy is insulated On Ww 
heating up, the mercury drops to the bottom ‘a b 
of the capsule and switches over the circuit 

Fig 1 Thermal seneimge device (a) with mormally closed comtects 


from contact (1) to contact (3) (b) with normally open contacts, and (¢) with ewitch over contacts 
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Fig. 2. Thermal-inertia of a sensing device rated at 80°C, (a) in still air, 
and (b) in a stream of oil. 

To reduce thermal inertia to a minimum, it is necess- 
ary to reduce as far as possible the thickness of the wall 
of the protecting sleeve, the air gap, and any other 
materials separating the sensing device from the space 
to be protected. The actual thermal inertia of the sensing 
device itself, without any protecting sleeve, was measured 
in still air, (i.e., under the most unfavourable conditions), 
and also in a turbulent stream of oil (i.e., under the most 
favourable conditions), measurements being effected by 
comparing values obtained with Cr-Ni/Constantan 
thermocouples with the temperatures at which the 
sensing device responded. The results obtained are 
plotted in Fig. 2 which gives the thermal-inertia curves 
for a sensing device rated at 80°C and located in still air 
(curve (a)), and in oil (curve (b)). It will be seen, for 
instance, that, in the case of still air, if the air tempera- 
ture rises at a rate of 3-5’C/min, there is a certain time 
lag, as a result of which, when the temperature of the 
sensing device reaches 80 C, the actual air temperature 
is 93 C. By comparison, in the case of the device in a 
stream of oil, if the oil temperature rises at a rate of 
3-5 C/min, the device will respond at between 82 and 
83 C when the oil temperature is 80°C. This indicates 
clearly the influence of the medium to be protected on 
the response characteristics of the device and emphasizes 
the necessity of taking into consideration thermal inertia. 
In general, therefore, it is obvious that, where possible, 
e.g., in bearings, the device should be immersed in oil. 
However, in all cases where there is a danger that the 
response temperature may reach an undesirable level, 
any difficulties in this connection can be overcome by 
using a sensing device with a lower rated temperature 
than that actually desired. 

In addition to other advantages, these thermal 
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Fig. 3. Time lag of a sensing device rated at 80 C, (a) in still air and (b) in 
a stream of oil. 
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sensing devices have a lower thermal inertia than mer- 
cury contact thermometers of current design used for 
bearings of rotating machinery. Fig. 3 shows the time- 
lag curves for sensing devices rated at 80°C in still air 
(curve (a)), and in oil (curve (b)). It can be seen from 
curve (a) that, at a heating rate of 3-5’C/min, the device 
will respond 4 min from the instant when the air reaches 
a temperature of 80°C, while from curve (b), the device 
in a stream of oil will respond after only 30 sec. Although 
it may appear that the time lag is a disadvantage, it is 
necessary to bear in mind that a certain time lag may be 
desirable to prevent response in the case of accidental 
temperature rises of short duration. 


SERVICE LIFE-AND PERMISSIBLE LOADING 


The service life of these devices depends on the type 
of current, the voltage, the current intensity, and the 
nature of the circuit, i.e., whether it consists of a pure 
resistance, an inductance, or a capacitance. 

If the load is predominantly pure resistance, the device 
can be loaded to the following maximum values :— 3 A at 
24Vdc.;6Aat24Vac.; LAatllOVdc.;1-5Aat 
110 V a.c. ; and | A at 220 V a.c. In such cases, it has 
been found that the device will respond satisfactorily from 
30 to 50 times. With lower current intensities, service life 
will naturally be increased but, as a general rule, it may be 
said that, after responding from 30 to 50 times, the 
device should be replaced by a new one, owing to harden- 
ing of the low-melting-point alloy. The decisive factor as 
regards replacement should be the resistance of the 
insulation and the importance of the equipment to be 
protected. In all cases, however, if the insulation resist- 
ance falls to between 50 and 100 megohms, the device 
should be replaced. 


APPLICATIONS 


Although these devices were basically developed for 
monitoring the temperatures of the bearings of rotating 
machinery, the extensive range of response temperatures 
available (34 to 152 C) makes them suitable for use in a 
wide range of applications. Thus, in addition to protec- 
tion of bearings (indication, as well as stoppage of equip- 
ment), they can be used for the protection of oil-filled 
transformers against thermal overloads (e.g., indication 
at 70°C and automatic switching off at 80 C), protection 
of electrical equipment against overloads, including 
protection of three-phase lines against two-phase opera- 
tion, and the signalling of slowly increasing temperatures 
of bulk materials in storage 





Prefabricated Forms of Ceramic 
Fibre and Their Uses 


(Concluded from page 7) 


burning such waste at these elevated temperatures. 

In addition, the fibre is being evaluated for filtration 
of radioactive particles from hot gas streams. Results 
to date indicate that efficiencies are sufficient to meet the 
rigid safety requirements of atomic-energy work. 

Taking into consideration its light weight, ceramic 
fibre may also be of use in solving many of the problems 
of insulation and resistance to erosion and thermal shock 
encountered in rockets and guided missiles. Similarly, 
its extreme resistance to fire suggests its use in the manu- 
facture of fireproof safes, files, desks, and other equip- 
ment, as well as fireproof panels for building construc- 
tion and partitions 
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It is well known that the use of exhaust turbocharging 
successfully leads to an increase in output of more than 
30°.,. However, if an increase of less than 30”,, is desired, 
the method of supercharging used up to now has been 
effected by means of a mechanically driven blower, 
without the use of exhaust-gas energy. The method des- 
cribed in this paper provides an economical solution to 
the problem of filling the existing gap. 

Known as the Kadenacy method, the use of the 
kinetic energy of the exhaust gases has been thoroughly 
investigated on small two-stroke diesel engines. In tech- 
nical literature the terms often used are “ harmonic 
induction *’ or “* dynamic scavenging **. Some years ago 
the Swiss Locomotive and Machine Works decided to 
apply the system of dynamic scavenging to larger four- 
stroke diesel engines. In order to gain further informa- 
tion, the use of analogies was considered, especially in 
view of experiments on scaled-down models. However, 
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Fig.. 1 Arrangement used in test engine for dynamic scavenging, and 


results obtained 


(1) Specific fuel consumption 

(2) Volumetric efficiency 4 of engine with dynamic scavenging 
(solid line) and without dynamic scavenging (dotted line) 

(3) Mean effective pressure p 

(4) Exhaust-gas temperature at cylinder outlet with 
scavenging (solid line) and without dynamic scavenging 
(dotted line) 

(5) Exhaust-gas temperature at point H, with dynamic scavenging 


(solid line) and without dynamic scavenging (dotted line) 


dynami 
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WITZERLAND 


Increasing the Output of Four-Stroke Diesel Engines by means 
of the Suction Effect of Exhaust Gases 


(From SLM Technical Bulletin, January 1957, pp. 3-7 


6 illustrations.) 


as long as the medium used in the model is not in the 
gaseous phase, only rough approximations are possible 
After some calculations, extensive tests were made on a 
3-cylinder diesel engine of medium power 

Fig. la shows the arrangement 
engine to investigate the flow of the gases in the exhaust 
pipe of a four-stroke engine under the influence of the 
suction effect, the 
measured during the tests 

The three cylinders (1), (2), and (3) have a common 
air-intake pipe £, with an air-measuring vessel D in front 


used on the test 


pressure diagram (Fig. tc) being 


Two inlet valves F and exhaust valves G ensure that the 


gas-changing cross-sectional area is adequate The 
exhaust pipe, in turn, combines all three cylinders, and 
its cylindrical portion #/ has a cross-sectional area which 
iS approximately 20 higher than that of the smallest 
cross-section of the valve when the latter is fully open 
The tapered portion J of the exhaust pipe can be cooled 
so as to change the diffuser effect. It can be seen from 
the valve-lift diagram (Fig. Ib) that there is some over 
lapping of the intake and exhaust 
slightly different 


supercharged by exhaust turbochargers according to the 


opening ti 
from that of engines 


cs 


which is only 


Buchi process 
At the moment / 
The hot gases in the combustion chamber A 


the exhaust valve starts to oper 

which are 
under high pressure, overflow into the discharge pipe // 
the pressure in which is assumed to be the same as the 
When the moving masses of 


gaS impinge against those at rest 


surrounding atmosphere 


4 COMPpPTression wave 


released. The form and period of its flow are influenced 
by the movement of the valve lift, the gas pressure in the 
cylinder, and the volume of gas discharged from i per 
unit of time. Fig. lc shows the pressure curve registered 
by a piezoelectric pressure transducer and recorded or 
a cathode-ray oscillograph The measuring pot 

immediately behind the exhaust valves at point C of 


cylinder (1). The pressure peak from Mto O genera 


known as the pre-exhaust pulse. The first part fr | 
to N results from the fact that during this period 
gases flow faster into the piping than out of it. Cons 
quently, there 1s an increase in pressure é pr 
wave. The second part from N to O is characterized t 
the fact that the pressure in the cylinder has dropped 
considerably and hence the rate of flow into the ¢ } 
slowed down, compared with that of the prevu phase 
the result is a reduction in pressure at the place in qu 


tion. Owing to the exhaust effect of the piston / pre 
sure wave 1s superimposed on the expansion w 
Q. In the meantime, the pressure peak MNO } hilt 
along the cylindrical pipe in the direction of the free end 
and, on reaching the tapered expansion in # reflected 
as a suction wave. The speed at which these i 
move is roughly sonic and depends on the in 
entropy of the gas in which they move The tapered tulx 


BA can be considered as a border-line case of ct 


cylindrical tubes with sudden changes lhameter 
Theory shows that such an arrangement will lead | 

reflection which is an expanded replica of the origina 
The effect of this reflection when reaching the measuring 
point C is reproduced in the curve path ORS. The whok 


pressure diagram from MN to RS is, of course, the sun 








of all influences, including those of the neighbouring 
cylinders. The length of the exhaust pipe was so chosen 
that the overlapping period of the discharge and intake 
valves falls in the effective zone of the suction wave. As 
a result, all the remaining gases are sucked out, and the 
cylinder is scavenged with fresh air fed through the inlet 
valves. It is often quite rightly mentioned that the uni- 
versal use of a selected exhaust-pipe length is not correct, 
owing to the fact that the exhaust-gas suction effect 
depends on engine speed. 

SUCTION EFFECT 


RELATION BETWEEN EXHAUST-GAS 


AND ENGINE SPEED 

If an engine has an exhaust pipe with a constant 
cross-section over its entire length, then the system falls 
out of step as soon as engine speed is changed. This is 
because the reflection from the free end no longer arrives 
at the correct moment. The tapered tube develops a 
suction wave which is expanded over a fair period. 
Hence, the speed can be varied a considerable amount 
until noticeable misalignment exists. In addition to the 
resulting pressure diagram at a nominal speed of 600 
rpm, those for 500 and 400 rpm are also reproduced in 
Fig. Ic. All were taken at point C, i.e., near the exhaust 
valve of cylinder (1). With reduced speed the depth of 
the reflection is decreased but exists over a somewhat 
longer period, partly because of the reduced exhaust 
energy of the piston. Furthermore, the pre-exhaust pulse 
is higher, owing to its superimposition on a less powerful 
suction wave compared with the wave at nominal speed. 
Again, the result should be interpreted as a sum of the 
influences of all three cylinders. 

The gradual decrease in the suction effect with 
slackening of speed means that the injected fuel must be 
reduced, in order to avoid incomplete combustion. 
Wherever the performance control (reduced fuel injec- 
tion at reduced speed), in accordance with a * propeller ” 
characteristic is used, the above system can be applied, 
e.g., in marine%engines and locomotives. 


Errect oF ExHaAust-GAs SUCTION ON THERMAL 

STRESSES 

The effect of exhaust-gas suction on thermal stresses 
is of particular interest. To obtain an insight into the 
behaviour of the walls surrounding the combustion 
chamber, the rate of air flow of the three-cylinder experi- 
mental engine was first measured with and without the 
suction effect. The result is shown in Fig. Id. It is evident 
from a comparison of the curves for the volumetric effi- 
ciency A, i.e., the ratio of the amount of air actually 
sucked into the engine to the volume of the cylinder, 
with and without dynamic scavenging, that with small 
loads A is less than unity. This indicates that the suction 
effect disappears, since the resistance of the longer and 
narrower exhaust pipe, necessary for the most effective 
utilization of the kinetic energy of the gases, predomi- 
nates. The suction effect increases with the load and 
forces a considerable volume of fresh air through the 
combustion chamber, i.e., A is much greater than unity. 
It only remains to be proved that the fresh air which is 
drawn in has a cooling effect on the interior of the 
cylinder. For this purpose seven thermocouples were 
fitted in one of the light-metal pistons of the engine 
at different points. The measurements proved that a 
considerable amount of cooling takes place at higher 
loads. With suction effect the mean effective brake pres- 
sure P»- Was from 20 to 25°,, higher than without suction 
effect for equal temperatures measured at the same point. 
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PRACTICAL APPLICATIONS AND EXPERIENCE 

Dynamic scavenging has already been applied to 
four-stroke engines in practice with successful results. 
Thus, for instance, it has been incorporated in a six- 
cylinder 600-bhp marine engine of 310 mm bore and 
460 mm stroke, installed in a freighter since 1952. The 
engine drives the propeller shaft through reversing and 
reduction gearing, and the necessary exhaust-pipe system, 
complete with exhaust muffler for dynamic scavenging, 
is capable of being accommodated in the ship’s dummy 
funnel. During its service to date, this engine has operated 
without exhaust smoke over the entire speed range of 140 
to 480 rpm. The low exhaust temperatures produced are 
particularly noteworthy. During works tests, the engine 
was loaded to a mean effective pressure of 7 kg/cm* 
without production of exhaust smoke, and up to 7°8 
kg/cm? with only a slight colouration of the exhaust. 
The exhaust-gas temperature, measured immediately 
after leaving the cylinder, was 430°C, so that the engine 
has an adequate margin of power for marine propulsion. 
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Fig. 2. Diesel engine for butt-welding generator, showing schematic 
arrangement of the exhaust system. 

(1) Exhaust silencer 

(2) Exhaust pipe laid out for dynamic scavenging 

(3) Centrifugal governor 

(4) Flywheel. 

(5) Electric generator 

(6) Exciter. 

(7) Servo-motor 

(8) Auxiliary control 

(9) Fan. 

(10) Diesel engine 

A study of dynamic scavenging has also been made 
under heavy load fluctuations when the system was 
applied to a diesel engine coupled to a generator for 
delivering power for the electric butt-welding of railway 
rails, requiring a number of short output peaks. In this 
operation, the rails are momentarily brought into con- 
tact several times in succession, causing them to warm 
up. They are then held in contact for about 20 sec for 
welding, after which time the ends, now white-hot, are 
forced together, a short pulse serving to squeeze the 
fluid slag out of the weld joint. Unloading and loading 
the machine with rails is estimated to take about 3 min. 
The diesel engine, of 200 mm bore and 240 mm stroke, 
with a rated speed of 1200 rpm, was designed to deliver 
a power of 330 bhp in continuous duty, but, by means 
of dynamic scavenging, boosting with a blower, and the 
use of a heavy flywheel, it was found possible to permit 
intermittent loading up to 735 bhp. The arrangement of 
the exhaust system of this diesel engine is shown schema- 
tically in Fig. 2. The periodic intermittent output, lasting 
about 4 sec, is the sum of the engine output and the fly- 
wheel energy, and a period of about 2 sec between two 
energy thrusts is used to restore the speed lost during the 
period of load application. As a maximum fluctuation 
in speed of +2°,, is essential for intermittent operation, 

(Concluded on page 36) 
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The Reduction of Noise from Small Petrol Engines 


By R. Kamo and F. Iwatsuki. (From Product Engineering (Design Fdition), Vol 


28, No. 21, 


November 25, 1957, pp. 95-98, 5 illustrations.) 


ENGINE noise can be classified as either aerodynamic or 
mechanical. The exhaust, intake, and supercharger 
account for aerodynamic noises, while vibrating struc- 
tural members, valves, gears, cams, and the ignition sys- 
tem are responsible for mechanical noises. 

Three general principles apply in the problem of 
noise reduction, i.e., (1) elimination of the source, (2) 
isolation of sound and vibration, and (3) confinement or 
absorption of radiation. Elimination of the source is, of 
course, ideal but, if it is not possible or practicable, 
sound isolation should be attempted. Sound absorption 
should be used only when other methods are impracti- 
cable. It should be understood that it is better to stop 
noise at its source than to isolate or absorb it later 
EXHAUST NOISES 

Sudden release of high-pressure engine-exhaust gas 
into the atmosphere is the dominant noise-maker. The 
source cannot be eliminated or isolated, and this noise 
must be confined and absorbed in silencers. However, 
attempts to reduce exhaust noise below other engine- 
noise sources will result in higher back pressure and a 
larger silencer, without contributing to lower overall 
noise levels. 

Effective silencers can be designed, using the analogy 
of an electrical low-pass filter. These filters pass frequen- 
cies below a given value, called the cut-off frequency, and 
reject higher frequencies. The cut-off frequency /. for 
any silencer is determined from analagous equations for 
the equivalent electrical circuit. Noise attenuation A at 
a frequency f above the cut-off frequency /, is given by 
A 17m log (2f/f.), where m is the number of silencer 
chambers. 

Single-chamber silencers are usually inadequate for 
reduction of high-frequency noise. However, except 
when extreme silencing is desired, two-chamber silencers 
are sufficient for the purpose, and are simpler to build 
and easier to clean than those with three or more cham- 
bers. The total silencer volume is seldom less than from 
10 to 12 times the engine displacement. The chamber 
volume is V 14,660 S/f,, where S is the valve area 
[sq in.] and /, is the fundamental frequency of the engine 
exhaust. 


ABSORPTION SILENCERS 


Sound-absorbent material (usually glass fibre or 
asbestos) around a perforated channel makes an effec- 
tive absorption silencer, particularly in the range above 
2000 to 3000 cps, where noise is most objectionable. The 
effectiveness of this method depends largely on the thick- 
ness and length of the sound-absorbent wall. In this con- 
nection, the thickness should be greater than a quarter 
wavelength of the sound, but additional length beyond 
a certain minimum length has little effect, as attenuation 
is exponential. It should be noted that any effectiveness 
is lost when the perforated channel becomes clogged by 
exhaust particks 

Back pressure is critical in 2-stroke engines because 
incomplete scavenging Causes unnecessary power loss 
The mean static pressure at rated speed and load should 
not exceed 6 in for small 2- 
10 in. for 4-stroke engines 


* 


For 2-stroke engines, with their usual gas-oi!l mixture 


w.g stroke engines, and 
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which tends to deposit carbon on exhaust ports and 
silencer, provision should be made for periodic clean 
ing. Silencers are preferably mounted vertically 
the exhaust directed downwards, permitting 
drainage of carbon, residue, and condensation 
Air implosions into the cylinder or crankcase are 
responsible for intake noise 
considerably lower than at 
frequencies are usually lower 
similar to exhaust silencing Acoustic and absorption 
filters work equally as well as intake-noise silencers, and 


with 


proper 


Pressures at the intake are 


the exhaust, so that noise 


Here, noise reduction is 


the same fundamentals apply The initial-expansion 
chamber is unnecessary on the intake side because of 
lower pressures 
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fitted in the intake and the exhaust of « 2-stroke engine 


Two problems arise in designing an intake 


which do not exist for the exhaust 


sSiictrict 
One problem is that 


heip to 


the engine requires an ai filter. Thais filter may 
reduce intake noise if properly designed, using filter cloth 
or paper materials 
silencer combination is the other problem. It is much 


more critical 


Pressure drop across an ai cleaner 


the intake side than on the cahaust 


because it results in a much greater power loss for a giver 


on 


pressure drop across the silencer (Fig. 1). Pressure dro 
for an intake silencer-filter should not exceed tin we 


STRUCTURAL VIBRATION 


Sound radiated by structural vibration comes fr 
the cylinder-head, cylinder block, crankcase housing 
fiywheel petrol tank, fan shrouds, baffles, and any other 
external engine components. The intensity of the sound 
depends on the applied force causing vibration and of 
the mechanical impedance and radiation impedance of 
the vibrating member 

Ampliude of vibration is directly proportions 








applied force and inversely proportional to mechanical 
impedance. Mechanical impedance is a function of the 
mass of the body, its stiffness, and damping. At extremely 
low frequencies, mechanical impedance can be stiffness 
controlled. The resonant frequency of a body is also 
dependent on mechanical impedance and can be made 
to differ from the forcing frequency by adjusting damp- 
ing, mass, or stiffness. Changes in damping, however, 
shift resonant frequency only slightly. 

Efficiency of sound transmission to the air is a func- 
tion of radiation impedance. Reducing the area of a 
vibrating surface causes an increase in radiation impe- 
dance and a corresponding reduction in noise from the 
engine. To reduce coupling between the air and vibrating 
surface, the dimensions of the part should be less than 
a quarter wavelength of the sound in the air. 

Noise caused by structural vibration can be reduced 
by (1) eliminating or reducing the excitation source, (2) 
using material with high damping frequencies, e.g., cast 
iron, and applying, where feasible, a sound-deadening 
undercoat, (3) increasing stiffness by adding material, 
using ribs or laminated construction, where possible, 
(4) reducing the area of the radiating surface, and (5) 
using vibration isolators to decouple structural members 
from the source of vibration. 

The trend to-day is towards lightweight, high-speed 
engines, thus precluding extensive use of heavier materials 
and construction. Consequently, of the methods given 
above, (1), (4), and (5) offer the most practical solutions. 

Combustion pressures and unbalanced rotating forces 
inherent in small reciprocating engines are prime sources 
of vibration. Improved balance of rotating elements can 
reduce bearing wear and give smoother operation. Isola- 
tion, in this case, may no longer be necessary. Proper 
carburetion and ignition timing contribute to better com- 
bustion, resulting in smoother operation and reduced 
vibration. A cast-iron flywheel can also aid in sound- 
deadening. 

Manufacturing clearances should be held to the 
minimum consistent with good design practice. Although 
this is a minor consideration, it can contribute greatly 
towards reducing “slap”? and impact during stress 
reversals. 

VALVE-TRAIN NOISE 

The 4-stroke petrol engine, with its poppet valves, 
camshaft, tappets, and gears, is an ideal breeder of noise, 
to which valve impact, valve bounce, cam-drive gear 
impact, and tappet impact all contribute. 

Zero-lash valve tappets offer no advantage over a 
well-designed and _ well-adjusted mechanical tappet. 
Similarly, stronger valve springs may prevent valve 
bounce, but they can also create larger driving forces 
against the cam profile during the closing period. A 
reversed torque is then applied to the camshaft with 
resulting impact on the cam-drive gears. Repeated shocks, 
transmitted in this way through the camshaft and crank- 
shaft, radiate from external surfaces, and are one of the 
worst sources of valve-train noise. A quick-lift, high- 
acceleration cam is particularly liable to this kind of noise. 

Camshaft drive gears radiate noise and also cause 
resonant vibrations in the housing and attached parts. 
The latter predominates almost exclusively in 4-stroke 
engines. Objectionable gear noise may result from non- 
uniform tooth loading, caused by fluctuating angular 
velocity and inertia of the rotating masses. Unbalanced 
elements, torsional vibrations, and reversals of torque 
are all contributing factors. In addition, inaccuracies in 
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pitch and tooth profile will result in vibrations of various 
frequencies. Gear materials having high internal damping 
qualities are preferred. Cast iron and bronze, for example, 
are acoustically superior to steel. Fibre, nylon, and other 
non-metallic gear materials should be used, if possible. 


CONFINEMENT OF AIRBORNE NOISE 

As a last resort, or in cases where extreme silencing 
is required, silencing hoods and enclosures may be used 
to decouple the engine from the air. A simple partial 
enclosure or sound shield, lined with absorption material, 
is sometimes sufficient to combat high-frequency noise 
and to direct sound away from low-noise areas. 

Materials used in silencing hoods must be non-porous 
for efficient sound insulation. The extent of sound 
attenuation depends on the weight of the material per 
unit area, i.e., for a given wall thickness, the most dense 
material is the best. When light materials must be used, 
a double-walled hood is recommended, with walls care- 
fully isolated from each other. 

Sound-absorbent lining (glass fibre, felt, etc.) inside 
the hood will absorb a large part of the radiated acous- 
tic energy. The hood, with its large surface area, can 
be a very efficient radiator if mechanically excited by the 
engine, so that mechanical decoupling of the engine from 
the hood is imperative. 
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Fig. 2. Comparative sound pressures at different frequency bands for 
a 2-stroke engine mounted on vibration isolators, (a) without a 
silencing hood, and (b) with a silencing hood. 

Where a very high degree of silencing is required, the 
use of a silencing hood, combined with mounting of the 
engine on vibration isolators, is recommended. The 
silencing effect produced in this way is illustrated in Fig. 
2, which shows sound intensities at different frequency 
bands for a 14-hp, 2-stroke engine operated at rated load 
and speed and mounted on vibration isolators, and for 
the same engine fitted with a silencing hood made of 
}-in. plywood lined with glass fibre, 1 in. in thickness. 


Minor Sources OF NOIst 

Cooling-fan noise requires attention only in extreme 
silencing. Fan noise is made up of rotational noise and 
vortex noise, both approximately proportional to the 
sixth power of tip speed, the fundamental frequency being 
equal to the product of the number of blades and the 
rotational speed. Harmonics are present, but those above 
the fourth can be neglected. 

Pressure fluctuation in the crankcase of a 4-stroke 
engine contributes noise through the crankcase breather. 
This is not a serious design problem, because pressure 
losses here are not critical. 

Ignition noise is sufficiently low, so that silencing 
is not necessary except under extreme conditions. Fre- 
quencies are in the higher octave bands and can easily 
be attenuated by enclosure or absorption. In many 
small engines, rubber-sealed weather-proofing encloses 
the ignition system, attenuating noise appreciably. 
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The Application of Theory and Electronic Computers 
to Automatic Control 


By W. Frey. (From The Brown Boveri Review, Vol. 44, No. 11, November 1957, pp. 468-472, 3 illustrations.) 


CONTROL engineering is ideally suited to the application 
of mathematical methods; moreover, these methods are 
required for the rational design and investigation of the 
control circuits. It is thus no coincidence that, during the 
past ten years, great advances have been made in the 
theory of control. Some of these advances have become 
common knowledge to all control engineers, e.g., the 
Bode method of synthesis and analysis of control systems, 
and the principles of the non-linear theory of regulation. 
Furthermore, the new scientific fields of information 
theory and cybernetics are closely related to control 
engineering. 

These theories, above all those of Bode, greatly sim- 
plify the work of the control engineer but, despite all the 
progress achieved in the theory, there still remain certain 
questions which either cannot be tackled with theory at 
all or would take an intolerably long time to solve. 

A control system, like every dynamic system, is 
governed by differential equations. Fundamentally, such 
a system cannot be linear, because every regulator is 
bound to possess certain limitations or a saturation point. 
The same is true of the controlled object. In many cases 
it is possible to disregard non-linearities without running 
the risk of introducing any disadvantages, so that a linear 
system of differential equations is obtained. Such systems 
are almost the only kind to which a closed mathematical 
solution is applicable. 

Non-linearities can be ignored when it is known in 
advance that the operating ranges of the regulator and the 
controlled equipment do not cover any non-linear zones. 
This is true of many control problems, where non-lineari- 
ties can frequently be eliminated by negative feedback 

It becomes inadmissible to ignore non-linearities 
deliberately introduced into the closed loop to improve 
the properties of the control. Similarly, the system must 
in no circumstances be linearized for numerous problems 
associated with the voltage regulation of synchronous 
machines, because the question, for instance, of whether 
the regulated machine falls out of step after a fault is in 
principle unanswerable on the basis of a linear theory 
The calculation of voltage rise following sudden inter- 
ruption of the load frequently necessitates consideration 
of the non-linearities of the synchronous machine and the 
exciter, since these elements of the controlled object are 
exposed tosaturation phenomena which cannot be ignored 
in an accurate calculation. Linearization by negative 
feedback is out of the question with such large units 

To revert to linear or linearizable systems, it must be 
pointed out that the mere fact that a closed solution is 
possible does not always help the engineer, since, usually, 
the effort necessary to attain this solution is quite un- 
reasonable. In such cases it is possible to resort to Bode’s 
method, which includes the Nyquist theory known since 
1932. To appreciate the importance of these methods, it 
should be explained that the control engineer does not 
wish to know the exact progress of a particular control 
operation ; he is frequently satisfied if he knows that his 
system is adequately damped and does not exhibit any 
inadmissible deviations from the regulated condition 
He is more interested in the general nature than the exact 
details of the solution 

For such a viewpoint the Bode method is ideal. This 
method employs attenuation diagrams obtained by 
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drawing asymptotes to the straight-line portions of the 
frequency response curves of individual elements in the 
control system. From these curves of the separate ele 
ments it is not difficult to derive the frequency response 
of the open loop, from which information regarding the 
dynamic behaviour of the control system can be obtained 
In practice, with this method there is no need to bother 
with differential equations. A mathematical feature of 
the method is that various predictions can be made re 
garding the solution without the solution itself having to 
be determined 

If the system of equations contains non-linearities 
which, for any of the reasons mentioned, cannot be 
ignored, the task is more formidable 
cases, the new methods of non-linear theory of regulation 


In certain easier 


can provide, without excessive mental effort seful 
information regarding the stability of the system, whicl 
in these cases is considerably more complicated than in 
linear systems. On the other hand, any information 


regarding the course of the control process can hardly 
be expected and, moreover, the influence of the various 
parameters can no longer be assessed 

Certain more advanced methods require ndue 
mathematical effort which can only be expected of a 
specialist. In other cases, ¢.g., investigation of the effect 


of voltage regulators on the dynamic stability of synchro 
nous machines, the only method available at present is 
step-by-step integration of the system of equations 
However, this method involves so much effort that con 
prehensive investigations are ruled.out in the majority 
of cases 

Thus, despite all the advances made in the theory of 
control systems, the difficulties of calculation are by no 
means overcome. More precise information regarding 
linear systems than accepted practically applicable theo 
ries are capable of providing may be desired, or appre 
ciable non-linearities may be encountered ; in bot! 
instances the calculator may have to rely on personal 
experience and judgment, as only in rare cases will he 
resort to the wearisome calculation of the solution of the 
system of equations 


It is in such cases that electronic digital and analogue 
computers which have appeared on the market in recent 
years have brought about a complete revolution thes 
are capable of solving systems of equations which would 


remain almost insoluble by conventional mear or 
account of the time required 

For reasons of accuracy alone the digital computer 
is hardly needed in the sphere of control engineering It 
contrast, the analogue computer offers significant advan 


tages, particularly as regards control engineering I he 
control systems very often consist of mdivid " 
nents possessing very simple dynamic character 
Analogue computers go a long way toward ecting thi 
structure of control problems, in that individual elements 
can be treated as if they were connected tog cru 


In preparing the computer for the 


groups, a8 in reality 


solution of a control problem the engineer 


the block diagram and, if he 1s well versed in the repr 

duction of the individual groups on the f bee 

hardly needs to consider further that he is é 

of solving a system of higher-order different 

In order to present the problem in the for f pr 
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Principle of combining experiments and calculation on 
analogue computers. 

gramme for a digital computer he would have to deal 

with the equations himself. For this reason it is obvious 

that the analogue computer meets the requirements of 

control engineering particularly well. 

A further important reason for preferring the ana- 
logue computer for control problems is that it enables 
calculation and experiment to be combined, as shown in 
Fig. 1, in which Fig. la is a schematic diagram of the 
voltage regulation of a synchronous machine, and Fig. 1b 
a schematic diagram of combined calculation and experi- 
ment, in which a device V converts the output voltage of 
the computer M into a voltage suitable for the regulator 
R, up being the regulated voltage and u, the terminal 
voltage. In this case, the controlled object is reproduced 
either fully or partially on the computer, whereas the 
remaining part, and in particular the regulator, is intro- 
duced into the circuit of the computer. 

By means of such a combination of calculation and 
experiment, all features of the regulator can be allowed 
for, including any minor imperfections, such as dead 
times, hysteresis, etc. Subordinate phenomena of this 
kind cannot always be conveniently expressed in formu- 
lae, for the simple reason that they are liable to vary from 
one regulator to the next. On the other hand, they may 
have considerable bearing on the course of certain regu- 
lation processes. For such special applications the com- 
puter must complete its calculation at the same speed as 
the actions take place, and, with the exception of very 
large machines designed for extremely high-speed opera- 
tion, digital computers are too slow for such tasks. 

One of the most important tasks of the control 
engineer is to find the optimum feedback and stabilizing 
elements for a given controlled object. If an analogue 
computer is available, this problem can be solved em- 
pirically, merely by varying all parameters likely to affect 
the solution. This method, however, would be a waste of 
time in the long run, since a very large number of attempts 
would have to be made to find the optimum solution 
from the many possible combinations of parameters. 
The correct procedure is to determine the parameters 
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approximately from theory and experience, and with 
these to start the calculation on the machine, which can 
then provide improved parameters and more detailed 
information regarding the progress of the control 
operation. 

Frequently, determination of the approximate para- 
meters will suffice, and the computer need not be em- 
ployed for the synthesis of linear control systems. It is 
quite a different matter, however, when this synthesis 
follows an analysis, or when the analysis is the primary 
task. Such tasks are encountered, for instance, when the 
character of the controlled object may vary considerably 
according to service conditions, and when it is desired to 
know what the behaviour of a given regulator will be in 
these varying circumstances. In such cases the computer 
supplies a large number of control curves in a short time 
and thus quickly provides an overall picture of the beha- 
viour of the control system. Impressive examples of this 
are provided by the regulation of synchronous machines, 
where the dynamic characteristic of the controlled object 
may change fundamentally with the naiure of the load. 

A further example of the use of analogue computers 
for the investigation of control problems is to be found 
in the field of power-system regulation. In one case, it 
has been found that although the system was linearized, 
it would have been almost impossible to predict reliably 
the effect of the various parameters on the progress of 
the regulating operation. This is explained by the charac- 
teristic features of a system with multiple regulation and 
governed by a high-order differential equation. The use 
of a computer is particularly expedient in this case, since, 
for all problems connected with large-scale power genera- 
tion, experiments in controlled installations are difficult 
to conduct and also very costly, while systematic inves- 
tigation with variation of several parameters is almost 
out of the question. 

In conclusion, it may be stated that the analogue 
computer by no means renders theory superfluous. The 
control engineer still needs theory if he is to synthesize 
control systems rationally. This should really be obvious, 
considering that only sound theory affords a sufficiently 
deep insight into the essentials of control systems and 
guards against indiscriminate searching for the optimum 
solution. For the analysis of control systems by com- 
puters, theory is also most useful, because the object of 
all investigations should be to obtain generally valid 
results, if possible. This is more likely to be achieved 
when the interpretation of the results is supported by a 
sound knowledge of control engineering based on theory. 

The analogue computer, in general, assists the control 
engineer in his work, three main effects being apparent, 
iZ., 

(1) The results are more accurate than those obtained 

with conventional methods. 

(2) The results are obtained in a far shorter time. 

(3) Calculations which could not be attempted with- 

out the computer can be undertaken. 

If the first of these is the prime consideration as 
regards the solution of a particular problem, the prob- 
lem itself is usually fairly simple ; for difficult problems 
the third factor is of major importance. Experience has 
shown that assistance from a computer is desirable, 
especially for the latter kind of problems. Concerning 
the employment of the analogue computer for control 
engineering it may be concluded that its capacity must 
not be too small, either as regards the order of the differ- 
ential equations to be solved, or its equipment with ele- 
ments for non-linear operations. 
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Prewarming of Turbine-Generator Rotors 


By W. J. Gitson, Jr., and M. TemosHok. (From Power Apparatus and Systems (A.1.E.E.), No. 31, 
August 1957, pp. 549-556, 14 illustrations.) 


SUGGESTIONS have been made recently that large turbine- 
generator rotors be warmed during initial starting and on 
returning cold units to service after outage.' * The pur- 
pose of this procedure is to improve the ductility and 
increase the resistance to brittle fracture of a turbine- 
generator rotor during operation. Turbine-generator 
rotor prewarming includes the procedure used to apply 
heat to the rotor forging while it is operating at less than 
normal speed (and therefore under less than normal 
stresses), until it reaches the desired temperature at which 
the properties are improved. 

The term “rotor prewarming” as used in this dis- 
cussion represents a process which should be differenti- 
ated from the long-established practice of field-coil pre- 
heating. The purpose of field-coil preheating is to 
expand the coils during the start-up operation by heating 
them with direct current while the machine is at a rela- 
tively low speed. This is done to reduce the mechanical 
stresses in the coils and the abrasion effects on the coil 
insulation resulting from relative thermal expansion. The 
effect of coil preheating is to establish a differential 
temperature between the field coils and the massive steel 
body before bringing the machine to rated speed. Con- 
sequently, generator rotor prewarming consists of raising 
the field-body temperature in order to improve the 
physical characteristics of the steel in the field body. The 
field-coil temperature then becomes a secondary con- 
sideration. 


ROTOR PREWARMING BY WARM WATER IN THE COOLERS 


The generator rotor may be warmed prior to reaching 
rated speed by heating the cooling medium with warm 
water in the coolers. This method is not as efficient or as 
effective as the use of excitation current, described below 
This becomes apparent when it is realized that the rotor 
temperature is increased by an external heat source and 
does not have the benefit of an additional heat source 
inside the field-coil slots, as is the case when excitation 
current is used. 

It is necessary to reduce the warming rate of the 
generator to a maximum of about 7 C per hour in order 
to achieve a final rotor temperature comparable with 
that obtained by using excitation. To use this method, it 
may also be necessary, in some stations, to make addi- 
tional provisions for a heat exchanger, piping, and circu- 
lating pumps. 


ROTOR PREWARMING BY EXCITATION CURRENT 


As the object of rotor prewarming is to heat the 
inner parts of the rotor, underneath the coil slots, to a 
temperature of about 60 to 65°C before rated speed is 
reached, this should be attained within the permissive 
temperature of the rotor field coils and also of the stator 
coils. Application of excitation to the field winding per- 
mits a greater and more even penetration of heat through- 
out the rotor than do other methods. It is possible to 
obtain a rotor temperature slightly higher than the 
temperature of the cooling medium 

The time necessary for warming the generator rotor 
is greatly dependent on the initial temperatures of the 
generator. If the generator temperature is maintained 
during shut-down periods, little or no prewarming may be 
needed. Extended time for warming a cold generator 
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would be necessary only during start-up after an infre- 
quent extended outage such as might occur during over 
haul periods. 

It is not practical to measure the temperature in the 
inner parts of the generator rotor during the prewarming 
operation. The best indication of actual rotor temper 
atures is therefore obtained by interpretation of measur 
able temperatures, such as those of the cooling medium 
the stator windings, and the rotor field windings. Fig. | 
shows the inner rotor temperatures which 
would exist during a typical rotor prewarming operatior 
In this case it was assumed that suthcient excitation was 


calculated 


applied to cause the generator cooling-medium temper 
atures to rise at a rate of 10°C per hour 
Fig. 2, which was calculated for a warming rate of 7 ¢ 
per hour, shows that, as the warming rate is reduced, the 
inner rotor temperatures become higher respect 
to the cooling medium and may even exceed the cooling 
medium temperature. The benefits of decreasing 
cooling rate become evident by noting that, at the 
slowest rate possible, i.c., steady-state conditions, the 
temperature of the inner portion of the rotor must be 
higher than that of the cooling medium, as long as a 
source Of heat is present inside the rotor, Use of exc 
ation current to apply heat to the inside of the rotor w 
make 
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with respect to the cooling medium than if the heat were 
applied from a source external to the rotor and through 
the cooling medium. 

Attempts to force too high a rate of temperature rise 
might also result in excessive stresses due to temperature 
differences throughout the rotor. If the rate of rise is 
limited to about 10°C per hour, the thermal stresses will 
be little more than those due to temperature gradients 
during normal operation. 

The relative simplicity and ease of using excitation 
current make it an attractive method for prewarming. 
There are various simple methods available for pre- 
warming the generator rotor for all types of excitation 
systems. Use of these will generally enable the pre- 
warming operation to be carried out with little, if any, 
additional equipment, with no increase in operating per- 
sonnel, and with only a moderate departure from normal 
start-up procedures. 

The amount of excitation current used for rotor pre- 
warming depends on the desired rate of generator tem- 
perature rise. The maximum excitation to be applied is 
established by the allowable volts per cycle imposed by 
the generator upon direct-connected power transformers. 
It has been established with some transformers that the 
maximum applied volts per cycle, in order not to cause 
local overheating of transformer parts, should be limited 
to 115°, rated. The generator excitation current corres- 
ponding to this limitation is that which would result in 
115°, rated generator output volts with the generator 
operating at rated speed with no load, as shown in Fig. 3. 
In practice, it has been found that the amount of excit- 
ation current normally used, in order not to exceed the 
10°C per hour warming rate, will usually be less than this 
value. 
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Fig. 3. Typical generator no-load saturation. 

The stator core loss (which greatly aids in warming 
the complete generator), present only with excitation, 
may be approximately three times the loss in the field 
coils. The mass of the stator iron to be warmed is more 
than three times the mass of the generator rotor. The 
windage loss at half speed is only one-eighth of the full- 
speed windage loss, so that it has relatively little effect 
on warming the generator. 

The excitation equipment normally furnished with the 
turbine generator is usually capable of supplying the 
required prewarming field current. Basic excitation equip- 
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ment may be summarized as consisting of (a) an auxiliary 
bus source of excitation, comprising motor-driven 
exciters (self-excited or separately excited) or electronic 
exciters, and (b) shaft-driven exciters, either directly or 
through gears, as used with a dynamic voltage regulator 
or a rheostatic voltage regulator. 

A motor-driven exciter, an electronic exciter, or 
similar bus source of excitation can provide any value of 
voltage required for prewarming, since their power 
source is independent of the generator to be prewarmed. 
Control of this voltage is by normal manual control. No 
exciter heating problems exist, as the exciter is function- 
ing almost as if in normal operation. 

The shaft-driven excitation equipment, however, is 
driven at reduced speed during the prewarming, and 
special attention may be required to produce desired pre- 
warming excitation. It is expected that at least half of 
the exciters, both self-excited and separately excited (with 
pilot exciters) will be able to build up to the required 
voltage, even at reduced speed. The voltage may easily 
be controlled with the associated exciter-field rheostats. 
The others will require an external voltage source to aid 
the exciter field, in order to produce voltage build-up. 

The control of self-excited shaft-driven exciters is 
accomplished by variable external direct voltage and fixed 
resistance or by variable external field circuit resistance 
and fixed external direct voltage. 

At prewarming speeds the exciter-field current of self- 
excited exciters may be about rated value. At reduced 
speeds, ventilation is not as effective as at normal speed, 
and higher than normal field temperatures may be en- 
countered. Experience has indicated that ventilation 
usually is sufficient at reduced speeds, provided that the 
pressure drop due to ductwork or dirty filters is not exces- 
sive. Since there is the possibility of individual cases 
where the exciter ventilation may not be adequate at 
these reduced speeds, the field temperature should be 
checked to assure that the temperature by resistance does 
not exceed 95°C. If the temperature should be found to 
be a limiting factor, an additional external source of 
ventilating air may be provided. 

Since the exciter armature current is approximately 
proportional to the exciter armature voltage, it is not 
expected that high temperatures will result in the exciter 
armature circuit. 

To obtain an approximation of the current to be 
supplied by an external source of supply in the exciter 
field, the rule-of-thumb value of 2 A per 100 kW of 
exciter rating may be used as approximately equal to 
exciter rated field current. 

The majority of the exciters furnished during the last 
ten years are controlled by the Amplidyne voltage regu- 
lator. Therefore, in all these cases the Amplidyne may 
be used for the external d.c. supply to the exciter field. 

It is a very simple matter to reconnect the Amplidyne 
to provide the external d.c. supply to the exciter field. 
Starting and stopping the Amplidyne, and inserting it 
into and removing it from the exciter-field circuit can be 
accomplished as for normal operation. Exciter voltage 
control can also be effected normally, with the exciter- 
field rheostat. 

Equipment is available for Amplidyne voltage regu- 
lators, so that switching can be easily accomplished for 
prewarming. This equipment includes provision for easy 
disconnecting of the voltage regulator from the generator 
during the prewarming operation. 

However, if it is desired not to use the Amplidyne for 
prewarming, the station battery may be used. A 125-V 
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eattery will be satisfactory for 250- or 375-V exciters, 

nd a 250-V battery also will be satisfactory with a 375-V 
x citer. A 250-V battery may introduce too high a 
voltage in the field of a 250-V exciter to provide complete 
control by means of the exciter field rheostat. 

A rectified direct voltage or small motor-generator 
set may also be used in place of the Amplidyne or station 
battery. 

In the case of a separately excited exciter with a pilot 
exciter, since the pilot exciter is a self-excited generator, 
the same comments apply as in the case of the main self- 
excited exciter. If the pilot-exciter voltage does not build 
up at the prewarming speed, it will be necessary to supply 
an external direct voltage in its field circuit. Since the 
pilot exciter has a small rating, little external power is 
required to produce the desired pilot-exciter voltage. 
This is more efficient than supplying the main exciter 
from an external voltage source such as the station 
battery. 


RELAY PROTECTION 


Generation is added to power systems either by 
direct connection through a circuit-breaker to the bus, 
or by the use of a unit generator-transformer scheme. In 
such arrangements the electrical equipment is usually 
protected by relaying for both phase and ground faults. 
The protective relays are designed for operation at normal 
system frequency, and hence their performance at reduced 
frequencies must be considered. 

When the generator is connected directly to a bus- 
through a circuit-breaker and protected by generator differ- 
ential relays, no additional protection is needed for phase 
faults. Induction overcurrent relays for ground faults on 
on low-impedance grounded systems are only slightly 
affected by frequency and therefore will not require 
additional ground relaying during rotor pre-warming. 

On the other hand, in the unit generator-transformer 
type of station, it is necessary to supplement the standard 
protection with some simple relays. 

The basic approach to the protective relaying of the 
unit generator and transformer station at normal fre- 
quency is the use of overlapping differential zones from 
the generator neutral to the high-voltage bus, including 
the station service transformers. This, coupled with 
sensitive ground protection and necessary back-up for 
the generator and transformer, constitutes the complete 
relay system. 

The generator may be protected by product-restraint 
differential relays, which provide sensitive, high-speed 
relaying for phase faults. Percentage differential relays 
having harmonic restraint are used to help protect the 
main power transformer. 

Grounding by means of a distribution transformer 
with a secondary resistor is normally used. Ground-fault 
detection is accomplished by an induction overvoltage 
relay across the resistor. The relay is designed to minimize 
the effect of third harmonic voltages and yet provide 
sensitive protection at 60-cps operation. During the rotor 
prewarming period, the generator will be operating at 
approximately 30 cps. From Fig. 4 it can be seen that 
some relays become insensitive at this frequency, while 
others are not appreciably affected. The effects intro- 
duced by operating the bushing current transformers at 
30 cps do not impair the performance of the relays. 

The pick-up of the product-restraint generator differ- 
ential relay, with no load on the generator, is shown in 
Fig. 4. Although the curve shows that the pick-up at 30 
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Fig. 4. Relay pick-up characteristics at low voltages 

(A) Plunger-type overcurrent relay. 

(B) Induction overcurrent relay. : 

(C) Product-restraint generator differential relay 

(D) Induction overvoltage generator ground relay. 

(E) Harmonic and percentage restraint transformer differential 

relay. 

(F) Plunger-type overvoltage relay 
cps increases to 3-5 times the 60-cps value, this 15 actually 
only a small change from the normal sensitivity with full 
load on the generator. Moreover, the pick-up at 30 cps 
is still less than 1 A. Consequently, it is considered that 
the standard differential relay provides adequate pro 
tection for the generator at 30 cps 

On the other hand, the sensitivity of the generator 
ground-fault relay has been reduced to a point where 
additional protection is necessary. As shown in curve 
(D), the pick-up of the induction overvoltage relay is 
increased to 7 times the 60-cps pick-up. Furthermore, the 
condition is aggravated by the fact that the generator is 
operating at reduced voltage, resulting in less voltage on 
the ground relay during a fault. A plunger-type over 
voltage relay should be added to provide sensitive ground 
fault protection over the entire generator start-up fre 
quency range. 

The harmonic-restrained transformer differential relay 
is inoperative at 30 cps. The addition of plunger-type 
overcurrent relays in the neutral end of the generator 
winding, or in the operating circuit of the transformer 
differential relays, will provide supplementary protection 
for the transformer and interconnected bus duct 

These simple plunger-type relays recommended for 
rotor prewarming protection are not co-ordinated with 
other system relaying, so that the trip circuit of the 
supplementary relays should be opened before the machine 
is connected to the system. This is effected by means of a 
frequency relay which will operate before the machine 
reaches normal frequency 


MAINTAINING TEMPERATURES DURING SHUT-DOWN 


When the generator is unloaded prior to being taken 
off the line, the cooling-water flow should be adjusted to 
maintain the temperature of the cooling medium in such 
a way that its temperature and that of the rotor will both 
be between approximatcly 60 and 65°C when the gener 
ator is disconnected from its bus. The generator voltage 
regulator should be removed from operation when the 
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generator is removed from the line. Field excitation 
should be maintained after disconnecting the generator 
and until the speed has decreased to about 25%, of rated 
speed. When excitation is supplied from a separate 
source, it may be maintained at the value used during 
synchronization of the generator. For shaft-driven 
exciters, the excitation may be allowed to decay with 
reduction in speed and with the exciter rheostat set at a 
value to produce the excitation required for synchron- 
izing the generator. 

The rate of generator cooling during shut-down 
depends largely on the ambient temperatures and ventil- 
ation surrounding the generator. It may be expected, 
however, that the generator will cool at the rate of about 
1 to #°C per hour. Immediately after shut-down, the 
temperature inside the generator will approach that of the 
stator winding, as indicated by the stator-winding temper- 
ature detectors. The inner rotor temperatures may then 
become slightly higher than during the prewarming oper- 
ation. As a result, it would seem that additional rotor 
prewarming may not be required after a shut-down of less 
than 12 hr. For longer shut-down periods, it may be neces- 
sary to accomplish some prewarming of the generator 
rotor in conjunction with the normal starting procedure- 

During shut-down periods, the generator will slowly 
cool off as heat is given up to the surrounding atmosphere. 
Excitation may be applied to the field winding during 
this period to offset this heat loss, provided that the 
necessary precautions are taken to remove excitation 
current if the rotor should stop turning. At these low 
speeds, there is practically no ventilation of the field, and 
the hot-spot temperature of the field winding may be 
considerably more above the average temperature than 
would be the case for normal ventilation. For this reason, 
it is recommended that the average field-winding temper- 
ature under these conditions should not be allowed to 
exceed 80°C. 
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COIL LENGTH 
Fig. 5. Improved stress distribution along length of field coil, as a result 
of coil preheating and rotor prewarming. 

At very low speeds, the circulation of the ventilating 
gas is practically nil. For this reason, the temperature in- 
dicated by detectors in the cooling-medium passages are 
meaningless and are not representative of the generator 
temperatures. For the same reason, it appears that the 
use of warm water circulated through the gas coolers 
would be quite inefficient in maintaining the generator 
temperatures at the desired high level. 


PREWARMING EXPERIENCE 
It has been found that attempts to warm the generator 
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at very low speeds are generally ineffective. The rotor 
alone may be warmed at low speeds with excitation 
current but, owing to the low circulation of the cooling 
medium and the absence of heat input from the stator core 
loss, the balance of the generator parts will remain rela- 
tively cool. As the generator is accelerated and ventil- 
ation improves, the cooling medium entering the rotor 
will be cooled by the other generator parts, and the rotor 
itself will cool. When it is realized that the mass of the 
rotor is only about one third to one fifth of the total 
generator mass, it may be appreciated that this method of 
warming is rather ineffective in achieving the desired 
results. 

In general, it may be said that the cooling-gas and 
stator-winding temperatures are very nearly the same and 
that they rise together at a constant rate. The field- 
winding temperature rises initially at a much faster rate 
than the gas temperature but soon levels off and follows 
the same rate of rise as the gas and stator-winding tem- 
peratures. 


CONCLUSIONS 

Investigation into the heat-absorption characteristics 
of turbine generators has shown that the effectiveness of 
the prewarming operation is dependent on the method 
used, the rate at which heat is applied, and the temper- 
atures of the cooling medium. 

The use of excitation current in the field windings 
appears to be the most practical and efficient method for 
warming, because of the resulting greater penetration of 
heat into the rotor. 

The temperature of the inner parts of the generator 
rotor during prewarming is dependent on the rate of 
warming, as well as on the type of heat source. The 
warming rate should not exceed 10°C per hour, using 
excitation current, in order to achieve an effective temper- 
ature distribution within the rotor. 

The prewarming operation may easily be accom- 
plished with little change in operating procedure, except 
for possibly extending the time required for the starting 
operation. If the generator temperatures are maintained 
during short shut-down periods, little if any time will be 
required for prewarming in addition to that normally 
needed for starting the turbine proper. 

Although the mechanics of rotor prewarming and 
field-coil preheating’ are quite different, each will reduce 
the compressive stress in the field coils and the abrasion 
of the insulation. The differential temperature between 
field coils and rotor steel will not be as great during the 
rotor prewarming as during the coil preheating, and the 
resulting benefits will therefore not be as great. Fig. 5 
shows the relative benefits which are gained by rotor 
prewarming, as compared with field-coil preheating to 
improve the stress distribution along the length of a field 
coil. 
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British Industrial Developments 








Electrically Conductive Ink for 
Postage Stamps 


As part of a mechanization scheme designed to speed 
up sorting of mails in Great Britain, the G.P.O. is carrying 
out field trials with equipment installed at Southampton 
of a system using postage stamps with electrically con- 
ductive lines on their reverse sides, in conjunction with an 
electronic “facing table”’ developed by the G.P.O. 
research team. The facing table scans the stamps, acting 
on recognition signals received from the conductive lines, 
and is capable of automatically examining piles of letters 
re-arranging them so that all the stamps appear in the 
right-hand corner, separating mail prepaid at the printed- 
paper rate (i.e., second-priority mail) from fully paid 
items (i.e., top- priority mail), and finally cancelling the 
stamps. 





Fig. 1. 


In developing the scheme, an important problem was 
that of the conductor to be used and of how and where to 
apply it. Several methods, including treating the stamp 
paper with zinc or aluminium powder, or impregnation 
with a salt solution, were tried and rejected for a variety 
of reasons. Similarly, the idea of using minutely radio- 
active paper was considered but was rejected because of 
the possible danger from bulk stocks of radioactive 
stamps, while an adaptation of a method devised in the 
Netherlands for using a metallic strip of foil laminated to 
the back of the stamps was ruled out, because the strip 
was plainly visible and impaired the appearance of the 
stamp. 

The problem of a suitable conductive medium was 
finally solved by Acheson Colloids Limited, of London, 
S.W.1, who, after considerable research and experimenta- 
tion in connection with viscosity, drying times, thickening, 
uniformity of conductivity, suitability for printing, etc., 
developed, in conjunction with Harrison & Sons Ltd., 
who print all British postage stamps up to the value of 
1/6, a suitable graphited ink which, in addition, had 
to be non-hygroscopic, quick-drying, and completely 
non-toxic. Furthermore, the condition that the appear- 
ance of the face of the stamp must not be impaired had 
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to be observed, and the ink had to be not merely a con- 
ducting coating, but truly printable, capable of being run 
on a special photogravure printing machine, on which 
Harrison & Sons Ltd. print the large majority of their 
Stamps. This is a particularly important point, inasmuch 
as it should be appreciated that photogravure printing 
depends basically on the transfer of small areas of ink 
from minutely etched cells on the rotary cylinder to the 
paper, constituting a separated pattern of dots, gradation 
of tone being obtained by the varying depth of the cells 
On the other hand, the electrically conductive line of ink 
had to be continuous, so that the ink from each cell of 
the cylinder had to spread over the paper in such a way 
that it linked, like a string of beads, with ink from the 
adjacent cells. In addition, the graphite line had to be 
reasonably sharp in definition, as excessive blur across its 
width could not be tolerated 

The only adjustments to the special photogravure 
stamp-printing machine used are the addition of extra air 
and infra-red ray units to speed up the drying process 
and the fitting of an experimental electronic device above 
the final roller for testing the conductivity of the lines 
The lines, 4 in. wide, are applied to the plain paper 
before the face is printed, as depicted in Fig. | 
shows the rewind end of the machine with the lined paper 
being reeled before passing to the gumming department 
where the gum is applied and “cracked”. At one time it 
was feared that this cracking procedure, which involves 
passing the gummed surface over knife-edges to break up 
stiffness and to prevent subsequent curling of batches in 
storage, might affect the conductivity of the lines, but 
experience has shown that the process has no effect what 
soever on their efficiency 

Another problem was that of controlling the natural 
instability of the paper during the various operations 
particularly during the gumming process, where moisture 
and heat are applied. In this connection, it is essential 
that the lines register correctly with the printed design on 
the face of the stamps, the lines on the back 
coincide with the dark areas, so as to stop them from 
becoming visible. On some designs this means that there 
is virtually no tolerance to abow for paper variation, so 
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that control must be exact. In Fig. 2, which shows postage 
stamps being printed in a continuous web, strong illu- 
mination has been provided from the rear, so that the 
graphited lines in relation to the printed designs can be 
clearly seen. 

It must be emphasized that these graphite-lined 
stamps have still to prove their worth. Months of trial 
may be necessary before a decision can be taken, and it 
is impossible to say at this early stage whether they will 
ever be part of the normal series of British postage stamps. 


Heavy-Duty Box Furnaces 


A range of heavy-duty box-type furnaces, with a 
number of interesting features, such as press-button- 
operated doors, non-distorting hearths, and extremely 
efficient thermal insulation, is announced by Hedin 
Limited, of London, E.18. A typical example of a 
general-purpose unit, with internal dimensions of 54 
24 18 in., rated at 60 kW and with a maximum work- 
ing temperature of 1150 C, is illustrated 





heavy-section 


All heating elements are in 80 20 
nickel-chromium and operate on a low voltage via a 
transformer. Elements are fitted into the door, as well 
as into the walls of the heating chamber, thus ensuring 
an even temperature throughout. Temperature control 
is fully automatic and includes such safety devices as an 
indicating controller which can be set a few degrees 
above the operating temperature, thus providing pro 
tection for the charge, as well as for the heating elements 
A further safety measure is the inclusion of a second 
contactor, which takes over in the event of the contacts 
sticking on the operating contactor There is also a 
single-phase preventer, which, in the event of one phase 
being affected, immediately cuts the other two phases, 
thereby preventing an out-of-balance load. The whole 
of the equipment is housed in a floor-mounted cubicle 


Movable Inspection Platform for 
Furnaces 


A movable platform suitable for inspection and light 
repair work inside large land-boiler furnaces and similar 
structures has been developed jointly by Foster Wheeler 
Limited, of London, 8.W.3. and Non-Corrosive Metal 
Products Limited, of Yiewsley. The platform has been 
designed to replace the scaffolding normally used for 
such purposes and considerably reduces assembly time 
and manpower 
Volume 19, No. | 
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In four light-alloy sections, the platform provides a 
15-in. wide staging around the furnace walls and allows 
access up to the furnace roof when the platform is in its 
highest position. The platform sections, which are easily 
manhandled, are interlocked during assembly to form a 
single unit, in the shape of an open square 
raised and lowered manually, the lifting tackle being 
operated from the platform itself at each corner. Articu 
lated joints between the sections permit a certain amount 
of uneven working of the lifting tackle, without throwing 
an undue load on any particular suspension wire T he 
platform is suspended by steel wire ropes attached to 
four light-alloy davits, which are assembled in four access 
openings provided in the upper part of the furnace. The 
desirable size of these openings is about $4 in 
21 in. wide, and care has been taken to ensure that the 
minimum uncooled furnace-wall surface is presented 
when the furnace is in operation 
so designed that the platform sections and personnel can 
pass through them when entering or leaving the furnace 
are fitted with service winches, which are 
assembly of the platform 
in swivel mountings are fitted to the davits for lighting 
the interior of the furnace during operation T hx 
weight of the empty platform is counterbalanced, thu 
relieving part of the ultimate 
lifting tackle. Made from standard parts, the platfor 
are designed to suit each particular application 

The platform is assembled by fitting the four davit 
in the access openings and launching the main platform 
sections into the furnace between opposite pairs of da 


which 1s 


high 


The davits, which are 


used ad iit 


Powerful electric floodlight 


load on the davit ind 


The shorter transverse sections are then passed into the 
furnace and are connected to the adjacent ends of the 
main sections, thus forming an open square. The reverse 


procedure 1s used for dismantling. If required, the mau 


sections can be used by themselves. Where the upper 
part of the furnace is constricted, ¢.g., by a mw screet 
means are provided to move the platform cme to the 


wall below such a projection 
Considerable attention has been paid to ensure that 


the platform complies with stringent safety reg 


The davits are provided with special safety bars to prever 

personnel falling into the furnace when the platfor ni 
the lowered position and during assembly and di 

ling The platform is provided with handrail kick 

plates, and a non-slip floor, while special pre or 

have been taken to guard against corrosive ondition 

inside the furnace. Assembly of the platforn carried 
out in the upper part of the furnace adjacent the roof 
thus enabling dangerous slag to be cleared before work 


commences further down 


Magnetic-Drum Aid for Telephone 


Automation 
New clectronic equipment which, wher rhing 
full capacity, 1» capable of routing over one hundred 


telephone calls to different destinations s: tare 

has recently been installed at the Lex (londor 
S.£.13) automatic exchange. Stated to be the first of 
kind to go into operation in the UK. this electron 
telephone controlling equipment, known officiu hve 
magnetic-drum director, has been developed | hve 
Automatic Telephone & Electric Company Lid { 


(sreer 


London, W.C.2 Its functions are to stone i ‘ 
numbers, to translate them into routing dir 

to ensure that calls are put through in the shorts f 
sible time. In this connection, it can replace the servic 
of several highly skilled manual switchboard oper 
and can make connections far more efficier j 

more, in order to detect any rare n take 

occur, built-in supervisory circuits are moors ‘ 


which flash alarms when something is an 

The magnetic drum around which the new ek 
director has been constructed consists of a bronze cyly 
der about 12 in. in diameter and 41n. in depth Its work 
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ing surface is coated with approximately 
0-0002 in. of nickel, forming the medium 
for the magnetic records, which consist 
of sequences of magnetic ** dots” packed 
closely enough together to obtain 100 
dots to the inch of circumference and at 
least ten similar circumferential tracks 
of dots to the inch of depth. The total 
capacity of the drum for dots is at least 
110,000. In operation the drum rotates 
at about 1800 rpm, and dots may be re- 
corded or reproduced at a rate of about 
100,000 per second, the dots being coded 
into numbers in the binary scale. 

The drum records are used in two 
ways : Some of the thirty tracks are 
used for remembering the translations 
likely to be required—about 700 in all. 
These records are virtually permanent 
in the sense that they are changed 
only when, for administrative reasons, it 
is necessary to alter a translation. The 7 
remain.ng tracks are used for control aati 
purposes, some providing the means for synchronizing 
the operation of the complete equipment, and the others 
individual memories for switch-control units, of which 
there are 114. 

The electronic equipment associated with the drum 
contains a scanner, driven by the synchronizing tracks, 
which, among other things, causes each switch-control 
unit to be associated in turn with the particular portion 
of one of the tracks allotted to it. The switch-control 
memory tracks provide means for keeping a running 
record of the state of each control unit, and by con- 
tinuously checking this running record the electronic 
equipment can determine what action is next required 
in each case. 

The running record is kept up to date merely by 
recording the most recent record in place of the old 
record. In this way the electronic equipment and the 
drum can be time-shared over 114 switch-control units 
in as little as 17 millisec each, without interfering with 
any other. Moreover, each of the control units can be 
rescanned every 17 millisec, so that changes of state of 
up to 60 changes per second are recognized, permitting 
considerable economy in apparatus. The translation 
tracks are referred to whenever a switch-control unit 
reaches an appropriate condition. 


Equipment for Deep-Hole Drilling 
with Incremental Feed 


Specially designed for use with existing drilling 
machines when the drilling of deep holes is required, 
the new Pacera equipment announced by W. J. Med- 
dings Ltd., enables the progressive forward movement 
of the drill and its periodical retraction to be controlled 
by an electrical cyclic timer with variable controls. The 
periods during which the drill either feeds or retracts are 
independently variable over a normal range of 1} to 60 
sec, though other ranges are available, if required. Thus, 
for instance, a drill may be timed to advance for 3 or 4 
sec and retract for 1} or 2 sec, continuing this cycle until 
drilling has been completed. 

This method of * relief"’ drilling makes use of a 
special air-hydraulic feed unit, which provides rapid 
approach and rapid retraction of the drill during the 
complete drilling cycle, and also permits the correct 
cutting speed to be chosen for the particular drill in use 
Because the forward movement of the drill is governed 
by time, as opposed to methods in which the drill travels 
over a fixed distance; wide variations in drill size and 
material are catered for, and the cycle can be set in such 
a way that the drill is at all times cutting at full efficiency. 

The Pacera deep-hole drilling kit basically comprises 
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the special air-hydraulic feed unit, controlled by a four- 
way solenoid-operated valve, and a separate control 
console containing the cyclic timer, interlocking relay, 
transformer, etc. for connection to the machine by 
flexible cable connectors. In addition, the control panel 
contains provision for hand control for setting purposes 
The illustration shows (left) the complete equipment 
and (right) a close-up of the control console 


Detector for Water in Jet Fuel 


Following the demonstration at the Farnborough 
Air Display and Exhibition of their equipment for 
detecting 30 parts of water in 1,000,000 parts of fuel 
Wayne Kerr Laboratories, of Tolworth, Surrey, now 
announce that they have developed portable equipment 
capable of detecting as little as 5 parts of water in 
1,000,000 parts of fuel, using a dipping clectrode in 
conjunction with a small electronic measuring device 
In addition to measuring the water content of fuel before 
it is loaded into aircraft, the new instrument can not only 
monitor moisture content of fucls in flight but can, at 
the same time, automatically switch on tank de-icing 
equipment 

Although the operating principle ot (he detector has 
not been revealed, it is stated that it comprises a small 
metal box with a few controls and only one or two valves 
in the circuit, and that it is suitable for revealing acc 
urately the presence of water in jet fuel, whether dissolved 
or suspended in the tank as a fine mist, even detecting 
moisture creeping in through pressure valves as the ai 
craft climbs 


High-Speed Vertical Forging 
Presses 


The 500-ton high-speed vertical forging press manu 
factured by Eumuco (England) Lid., of London, W.! 
now incorporates a number of new design features 
Thus, for instance, disc-type brakes have been fitted 
and the drive to the machine comes directly from the 
motor to a clutch embodied in the flywheel, special 
attention being paid to provide adequate cooling, low 
stresses, and long lining life. There are no keys 
clutch, and further reliability is ensured by a number of 
other features, including an adjustable back -stop to limit 
piston travel, and a tell-tale wear indicator 

Air-operated ejectors are fitted on the ram and dx 
table, with provision for three cjector pins at the lower 
station. The clectro-pneumatic control system for the 
cjectors permits the timing of the ejector blow for any 
part of the press cycle. Ejectors may be held in the 
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productivity 


It has long been a source of wonder and amusement how rapidly these 
well known little rodents multiply. Breeding from four to eight times a 
year, each litter comprising three to eight young, a rabbit has 
exceptional reproductive capabilities during its comparatively short life 


Eclipse high speed steel hacksaw blades can help you to increase 
productivity. 








‘Eclipse’ hacksaw blades and other 
James Neill & Co. (Sheffield) Ltd 


tools are manufactured by 
and are obtainable from all tool distributors 
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position for a few seconds after the press has stopped, 
and this allows the operator time to remove the forging 
before it drops back into the die. It is also possible to 
select the operation of these ejectors to occur at every 
second or every third stroke of a press cycle, so that the 
mechanism operates only when required. A load-meter 
with a maximum reading attachment is provided for use 
when setting up new dies. This load-meter, which reads 
in tons, is a most useful guide when making the first few 
forgings of a batch. Thereafter, it may be easily removed 
from the frame if desired. An automatic lubrication 
system with a motor-driven pump is interlocked with the 
main motor starter, and other contro!s allow inching in 
both forward and reverse direction for setting purposes 
The wedge below the die table is equipped with a cali- 
brated pointer to show the amount of vertical movement 
of the die table when the wedge is adjusted 


Universal Tool and Cutter 
Grinder 


Details of a new universal tool and cutter grinder, 
type WZS.5, with a number of special features, such as 
a hydraulic table traverse and electrical indexing on the 
indexing head, are announced by the U.K. distributors, 
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Stuart Davis Ltd., of Coventry. A further useful feature 
of this machine, which is made by J. E Reinecker, of 
Eisingen, Germany, is an indexing safety lock This 
operates during indexing in such a way that the table is 
securely locked and cannot possibly move during indexing 
ensuring that the wheel and component are proof against 
human error. 
manual indexing 

The grinding head can be swivelled in three planes 
and can be turned through 360 deg. in the horizontal 
and vertical planes The hydraulic table traverse 1s 
infinitely adjustable from 3 ipm to 16 fpm. The electric 
dividing head is entirely automatic, and indexing follows 
after every to-and-fro rotation of the table ; in addition 
there is provision for dwell at either end of the table 
movement 

Using the spiral grinding attachment Ss possible 
obtain spiral pitch from zero to infinity and an adjustable 
spiral angular pitch from O to 90 deg An aut : 
backlash compensator is also provided, to take up t 
very slight play which follows when the table is revert 
and the spiral revolves in the opposite directior 


This safety device also operates with 


Three-Dimensional Drawing Boar 


The new “3D" drawing board announced | It 
Mavitta Drafting Machines Lid, of Shirley, Soli 
Warwickshire, 1s designed to permit accurate thres 
dimensional! illustrations, even of complicated sub 
to be produced quickly and easily by any draught 


Compact, self-contained, and of lightweight constr 


wlio 


with simple mechanical features to ensure speed 
reliability, the Mavitta 3D board can easily bx , { 
over a normal drawing board 
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The board has a functional shape incorporating thre 
arcs, with a white surface imprinted with three relevant 


measuring lines intersecting at the focal point Thve linn 
are scaled in convement units which diminish towards the 
vanishing point. Each arc has a corresponding tras 
parent straight edge which 1s designed to traverse the ar 
and which automatically ensures that the edge w wild 
subtend towards its vanishing point. The three mx 

ing lines lic in the three intersecting planes of the per 
pective. Each plane gives a different foreshortening wit! 
respect to the observer one line measures the vertica 
distances, or height, on the object to be drawn, while the 
other two lines measure the two horizor fistanoes 
width and depth The drawing surface of the board 
mounted on a base which allows the board to be red 
six positions, cach of which will produce a differer cw 
of the object The illustration can be made ft the 
actual subject or from blueprints and can be fully plotted 
or the details added in frechand after thx f ic 


lines have been fixed 













Plastics can be moulded into the most intricate shapes, 
and ALDRIDGE make all types of thermo-setting and \ 
thermo-plastic mouldings for the Electrical, Automobile : 
and many other Industries. ALDRIDGE manufacture to 
specification or, if required, design the whole job for 
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Controlled 
Laminates. 
By J. H. BENo, A. M. Dowe Lt, and E. F. Smit. (From 
ASTM Bulletin, U.S.A., No. 225, October 1957, 
pp. 25-28, 7 illustrations.) 
IN the design of aircraft and missiles, resin-glass-cloth 
laminates are frequently specified because of their favour- 
able strength to weight ratio and good dielectric proper- 
ties. Such laminates are particularly suitable for missile 
radomes. A radome must withstand loads and tempera- 
tures imposed by flight without impairment of its me- 
chanical or electrical properties. In the course of another 
investigation it was found that, in some cases, rapid 
heating caused delamination of a thin-wall missile 
radome. To develop a radome that would not delaminate 
under service conditions, it was essential that a laboratory 
method for simulating the thermal! shock of aerodynamic 
heating be found. 

Three methods for producing a controlled thermal 
shock were investigated, i.e., forced-draught heating, 
infrared radiation, and immersion in a molten-metal bath. 
Of these, the molten-metal-bath method has been found 
most suitable for the convenient and rapid simulation of 
aero-dynamic heating. By this method, laminate samples 
can be subjected to specific reproducible conditions of 
thermal shock. The molten-metal-bath equipment and 
method are described, and the results of several 
studies are given to illustrate the application of the method 
in the study of some aspects of delamination. 

It has been found that the equipment and methods 
described are useful in evaluating (1) the resistance to 
thermal shock of completed assemblies under a variety of 
simulated flight conditions, (2) the effect of processing 
variables on the tendency of laminates to blister, and (3) 
the effect of environmental conditions on laminates sub- 
jected to rapid heating. This equipment has also been 
used in a study of the mechanism by which laminates fail 
when subjected to severe thermal shock. 


Thermal-Shock Testing of Glass-Cloth 


Methods of Measuring Stresses in Compressor and 
Turbine Blades on Test Beds and in Flight. 

By D. A. Drew. (From a paper presented at a mecting 
of The Institution of Mechanical Engineers, London, 
January 10, 1958, 21 pages, 13 illustrations.) 

Tuis paper describes an organization which has been 

operating for some years in connection with investiga- 

ting vibratory and transient stresses in aero-engines. A 

large proportion of the work is being done on compres- 

sors and turbines, and information is given upon some 
of the factors controlling the life of high-temperature 
gauges on both. Details are given of a number of tech- 
niques currently used for a very big volume of testing at 
the Rolls-Royce works in Derby ; these are generally 
the techniques which have been developed since the 
author’s paper on turbine measurements was read in 

America in 1951. The system used at Rolls-Royce for a 

large proportion of tests of vibratory stresses is viewed 

by having one, and more recently two, recording rooms 
connected to all experimental test beds and a number of 
rigs by permanently installed cables. 

Particular reference is made to the various forms of 
slip-rings in general use. The relative advantages of 
telemetering signals from aircraft to the ground and of 
obtaining flight measurements with an airborne multi- 
channel recorder are discussed. In addition, reproduc- 
tions of records of rotating stall bands with their asso- 
ciated bands of high stress in the compressor are given, 
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together with a brief description of the nature of rotating 
stall and the methods available for reducing the troubles 
it causes. 

A small change in the running conditions to move the 
working point of the compressor has a very marked 
effect on compressor-blade stresses, and in studying this 
either on the test bed or in flight it is vital to have a very 
precise knowledge indeed of the instantaneous fuel flow, 
rotational speed, and blower pressure at the instant of 
high compressor-blade stress during a rapid acceleration 

A brief note on the results of the numerous tests 
which are being made is given, with a reference to a much 
fuller paper by Pearson in 1953. 


Dynamic Balancing of Hydroelectric nits. 

By H. N Hirt, R. S. Barker, and !. B. Murtianp 
(From Power Apparatus and Systems (A LEE), US.A., 
No. 32, October 1957, pp. 703-710, 12 illustrations. } 

IN the installation of hydroelectric generating units, it ‘s 

necessary to make final balance adjustments with the 

rotating assembly mounted in its own bearings and run 
ning at speed under normal operating conditions. This 
is accomplished by adding or removing weight at the 
proper locations, usually in the generator rotor. After 

a time in operation, the state of balance of a machine 

may change from such causes as slight shifting of parts 

or slight changes in the mass axis under operating tem 
peratures. It should therefore be checked periodically 

In addition, machines which have had parts replaced in 

servicing should be checked and often must be rebalanced 

before use. Thus, the problem of dynamically balancing 
these machines in the field is important and has been 
given considerable attention by both manufacturers and 
users of such equipment 

Although a number of electrical methods have long 
been used in the field of dynamic balancing to obtain the 
desired data relating to amplitude and phase angle of the 
unbalance effect, the method developed using clectric 

Strain-gauge equipment differs significantly from any 

previously used. Once obtained, however, the unbalance 

data are processed in a fairly standard manner, using a 

relatively simple mathematical and graphical analysis to 

compute the required balance corrections 

This paper is therefore principally aimed at describing 
an extremely sensitive method of measurement developed 
for determining the amplitude and phase angle of the 
unbalance effects. In this method, resistance-wire strain 
gauges are applied directly to the bearing supports or to 
deflection brackets mounted against the shaft near the 
bearings, to furnish signals representative of the lateral 
loads or unbalance forces at each bearing. The method 
includes trial runs with known amounts of unbalance 

added, and the analysis of the unbalance signals by a 

combined graphical and analytical procedure to deter 

mine the required balance corrections The results 
obtained in balancing a machine are given to illustrat 
the application of the method. 


The “ Frena"’ System of Speech Transmission at High 
Noise Levels. 

By F. pe Jacer and J. A. Gaevrxes. (From Philips 
Technical Review, Holland, Vol. 19, No. 3, 1957/1958 
pp. 73-83, 8 illustrations.) 

For the transmission of speech by means of single 

sideband modulation, a signal-to-noise ratio of at least 

10 db is necessary. Systems such as FM and PCM make 

it possible to improve the signal-to-noise ratio in a com 
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munications link by giving the transmission path a wider 
frequency band. However, these “ linear ” interference- 
suppressing systems are only effective where the “ in- 
trinsic ” signal-to-noise ratio of the link is not too low. 
The intrinsic ratio must indeed be higher than about 10 
db and hence, at low signal-to-noise ratios, these linear 
systems offer no advantage over single-sideband modu- 
lation. In contrast, non-linear systems specially designed 
for the transmission of speech make it possible to pass 
intelligible speech signals at even lower signal-to-noise 
ratios. Noise up to a certain level can be suppressed by 
permitting a degree of distortion to take place that does 
not unduly prejudice intelligibility. 

This principle has been put into service in the * Frena ” 
system, developed by Philips and described in this paper. 
In this system, the frequency component and the ampli- 
tude component of the speech signal are conveyed via 
two separate channels, the first being transmitted as a 
single-sideband signal in a frequency band about 3000 cps 
in width, the second in a band about 100 cps in width. 
In the frequency channel a signal-to-noise ratio as low as 
3 db is quite adequate. However, owing to the fairly 
high power required for transmitting the amplitude 
component, the necessary minimum signal-to-noise ratio 
for the whole system remains at about 8 db when the 
amplitude component is transmitted as an AM Signal. If 
FM is employed, the necessary minimum is brought down 
to about 6 db. It can be lowered still more by reducing 
the amplitude information to a “ pilot” signal which 
merely indicates at each instant whether a speech sound 
is present or not, i.e., the “* Frenac *’ system, which is a 
‘Frena ”’ system using a coded amplitude signal. The 
apparatus can then be designed in such a way that the 
pilot signal requires no additional power at all. As the 
noise is suppressed at the most critical times, it inter- 
feres so little with the speech signal that the latter can be 
received intelligibly, even at a signal-to-noise ratio of only 

db. 

Although the basis of the above developments was 
minimum quality, the endeavour being to preserve this 
quality at ever-deteriorating signal-to-noise ratios, efforts 
are at present being directed to develop further variants 
of * Frena” and “ Frenac”’ giving reception of better 
quality at not unduly bad signal-to-noise ratios, ¢.g., at 
10 db. 

Solidification Tears or Hot Tearing in Cast Steel. 

By K. Beckius. (From Jernkontorets Annaler, Sweden 
Vol. 141, No. 9, 1957, pp. 507-595, 36 illustrations.) 
THE problem of hot tearing in cast steel has been investi- 
gated partly by studying the literature and partly by 
experiment. In the literature, experimental methods and 
results concerning the formation of hot tears and the 
dependence of the tear susceptibility upon such factors as 
composition, deoxidation, and casting temperature of the 

steel have been reviewed. 

The author’s own investigation, as described in this 
paper, has been based on casting experiments in an 
apparatus designed on the resistance-spring principle. 
The resulting curves of the time-contraction process have 
been compared with the tearing process, as manifested in 
macro-etched tear-containing sections of cast test-bars, the 
contraction-restraining spring load of which was re- 
moved at different intervals after pouring. The results 
were supplemented by temperature measurements in test- 
bars during their solidification and cooling. 

Studies of test-bars which have been unloaded at 
different times after pouring make it clear that the tears 
are initiated just below the surface of the casting and then 
extend, gradually reaching the surface. The tears then 
develop inwards. The filling of tears with enriched melt 
from the internal parts of the bar has been found to be a 
characteristic feature of the tearing process 

On the basis of the results observed, an attempt has 
been made to explain the relation between the solidifica- 
tion process and the hot-tear formation. This explan- 
ation, which states, as does Pellini’s film-stage theory, 
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that hot tears occur in the presence of liquid metal, gives 
a somewhat different view on the development of the 
tears during solidification than that postulated by Pellin: 
and his associates. 

The dependence of hot-tear ryote" on pouring 
temperature and contents of C, Mn, P, S, and Al in 
the steel has also been evaluated Sieels arith 0-19-0-32 
C have been found to be more prone to hot tearing than 
steels with lower or higher carbon contents. The reason 
for this is explained in the light of the peritectic reaction 
The influence of silicon is unnoticeable in contents 
between 0-1 and 1-1°., while manganese in contents 
below approximately 040°., and phosphorus and 
sulphur in contents of more than about 0-060°., increase 
the proneness to tearing. In contents around 0-05 
aluminium increases the severity of tearing in comparison 
with contents near nil and around 01 

A comparison is made between the results with the 
test-bars and practical foundry conditions Soliditica 
tion tears “’ is considered a more suitable name than hot 
tears. 


An Evaluation of Inhibitors for Corrosion Prevention in an 
Engine Cooling System. 

By L. C. Rowe. (From Corrosion, U.S.A., Vol. 13, No. 11 

November 1957, pp. 72-78, § illustrations.) 
Various inhibitors have been recommended for corro 
sion prevention in an engine cooling system. The use of 
chromates, nitrites, benzoates, and borates represent 
only a few which have had a rather extensive investiga 
tion. Experience has shown that currently used reliable 
winter anti-freezes are sufficiently well inhibited to give 
corrosion-free service in the majority of cases when used 
as directed.. Consequently, the investigation described 
in this paper was not initiated to recommend a speci! 
inhibitor, but to assist in determining reasons for failure 
in isolated cases and to serve as a basis for inhibitor selec 
tion, should metallic aluminium become prevalent 
cooling system 

Since the variables involved in a laboratory test 1 
be limited to some degree, it was the intent to encomy 
as many as possible through the use of several tests. Or 
this basis the study was made as a three-part investiga 
tion, 1.¢., (1) a rotating-specimen test to evaluate inhibitor 
effectiveness for each metal, (2) galvanic couple tests 
and (3) the use of an inhibitor combination, based on the 


i 


results of (1) and (2), in a laboratory model of an engine 
cooling system 

The effectiveness of inhibitors such as sodium borat 
sodium nitrite, sodium benzoate, potassium dichromat 
soluble oil, and sodium mercaptobenzothiazole were 
compared by means of the rotating-specimen test 
Various test media were used, including ethylene-glyco!l 
water mixtures and tap-water, with and without add 
tional corrosive constituents The metals investigated 
were steel, copper, brass, aluminium, cast iron, and 
solder. The results were based on corrosion rate, mic 
scopic examination, pit depth (when applicable), and 
other general examinations This work includes the 


results of one-year static room-temperature tests of 
thirteen galvanic couple combinations for cach inhibitor 

Based on the results obtained by 
corrosion tests, a final examination of a combination of 
inhibitors has been made in a laboratory model which 
simulates an engine cooling system. This test indicat 
effective inhibition by this combination in a systen ng 
cither a copper-brass or aluminium radiator 

The results of the tests indicate that sodium nitrit 
superior for ferrous metals such as steel! or cast iron, and 
is good with aluminium in most cases. Sodium borate 
and benzoate are particularly susceptible to the presence 
of chloride and sulphate ions. Potassium dichromat 
an excellent inhibitor for most metals but is not 
patible with ethylene-glycol solutions. Sodium met 
benzothiazole is an excellent inhibitor for bras 
copper, while soluble oil is satisfactory with most met 
but is rather 


conventiona 


unsatisfactory with aluminium if 
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tests. A combination inhibitor of soluble oil, sodium 
mercaptobenzothiazole, and sodium nitrite effectively 
reduced corrosion in a model engine cooling system over 
a period of time which is twice as long as that necessary 
to produce a breakdown of the glycol type of solution 
without an inhibitor. 

Sodium nitrite is usually considered a poor inhibitor 
in the presence of solder, since it tends to accelerate the 
corrosive attack of the solder. Although the data in this 
report indicate a greater corrosion rate of solder in the 
presence of nitrite, it has been observed that this occurs 
mainly in the presence of metallic copper in the same 
system. This corrosive effect was not observed in the 
engine cooling test, owing to the presence of sodium 
nitrite in the inhibitor combination. 

The type of soluble oil used in these tests produced 
satisfactory results, but it is known that many differences 
exist between the various oils ; therefore, individual 
testing should be carried out before a particular type is 
selected for use. 

Although an attempt was made to approximate 
service conditions in these tests, the usefulness of an 
inhibitor system in the prevention of corrosion can be 
conclusive only after field testing. 


The Mechanism of Wear of Railway Wheels. 

By T. V. Larin and V. P. DevyYATKIN (From a paper in 
the book Friction and Wear of Machines, published 
1956 by Institut Mashinovedeniya U.S.S.R. Academy of 
Sciences Press, pp. 238-263, 22 illustrations.) 

ALTHOUGH this paper specifically deals with the wear of 

tyred wheels, it should apply equally well to solid wheels. 

The authors are particularly concerned with locomotive 

wheels, which wear appreciably in service, though they 

state that the wheels of tenders wear almost as badly. 

The wear is thought to be due mainly to slip of the wheels 

on the rails during running. 

As described in this paper, a number of tyres were 
taken out of service and subjected to metallographic 
examination, X-ray diffraction examination, and hard- 
ness tests. The tread was found to contain numerous 
small areas of a white micro-constituent, which was 
identified as martensite. These areas extended to a 
maximum depth of about 0-2 mm and often contained 
micro-cracks at 90 deg. or other angles to the surface of 
the tread. Some of the vertical cracks were also found to 
change direction below the surface and to propagate 
horizontally, leading to flaking of small portions of the 
tread. It is concluded that these white streaks are a type 
of amorphous martensite, arising from a combination of 
the phase transformation caused by heating and of plastic 
working caused by wheel loading. 

Metallographic examination showed the grains to be 
distorted and elongated (by the wheel loading) to a depth 
of about 3 to 4 mm, and hardness tests established that 
the resulting hardness penetrated to a depth of about 
25 mm. X-ray examination confirmed the depth of cold 
working, but also showed a secondary hardness peak 
located about 13 to 16 mm below the tread. This second- 
ary peak was found only in sections taken from the line 
of contact between the wheel and rail ; outside this line 
of contact, only surface hardening was apparent. 

From the above evidence, it is suggested that tyre 
wear is mainly caused by cracking and flaking off of the 
white layer, this being due (1) to inadequate capacity of 
the metal to prevent cracking, (2) to the hardenability of 
the steel, (3) to slipping of the tread on the rail and the 
speed with which this occurs, and (4) to the high pressure 
of the contact area. It is considered that an increase in 
carbon content will reduce the wear resistance of the 
tyre and will also lead to other defects, such as thermal 
cracks. The tensile strength of the steel should therefore 
be produced by heat treatment, rather than by increasing 
the carbon content, and it is suggested that the tensile 
streneth after heat treatment should reach 95 kg/mm. 

With regard to the influence of carbon content on the 
structural changes produced in the surface layer by fric- 
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tion, a number of laboratory tests were carried out, and 
these showed the importance of the rate of dissolution of 
the carbides in forming the white layer. It was found 
that the depth of the martensitic layer, as well as its 
hardness, increased with carbon content. With 045°, C 
the martensite was coarsely acicular and, as carbon con- 
tent was raised, it became finer until, with 086°. C, the 
martensitic surface layer apparently became amorphous 
(though immediately below the surface layer was a 
heterogeneous martensitic layer caused by the incom- 
plete dissolution of the carbide). Above 06°, C, the 
formation of the white layer was invariably accompanied 
by cracks, and it is suggested that carbon content should 
be limited to 0-6°,, maximum. 

In addition, tests were carried out to determine the 
effect of low temperatures on the structural changes 
produced in the surface layer by friction. In these tests, 
the specimens were cooled to sub-zero temperatures 
before testing, and it was found that this reduced the 
amount of martensite formed, though, owing to the fact 
that only the eutectoid grain was transformed to austen- 
ite, the carbon content of the martensite and its hardness 
were greater. 


Stress Relieving of Weldments. 

By E. R. Parker. (From The Welding Journal, U.S.A., 
Voi. 36, No. 10, October 1957, pp. 433s-441s, 4 illus- 
trations.) 

Tue thermal effects incident to wélding introduce residual 
stresses into weldments, and the patterns of residual 
Stress vary with the welding conditions, as a number of 
investigations have shown. Residual stresses are like any 
other stress and add to the component of load stress 
acting in the same direction. The nature of residual 
welding stress is well understood ; so too are the proced- 
ures used for removing such stress. The greatest un 
certainty is the influence that internal residual stresses 
have on service performance. It is, therefore, the purpose 
of this report to summarize present knowledge of the 
origin, nature, and effect of thermal and mechanical 
stress-relieving treatments on the service performance of 
welded structures. 

As indicated in this report, residual stresses intro 
duced by welding are caused by localized heating asso 
ciated with the welding process and to a lesser degree by 
shrinkage of the weld metal. Such residual stresses may 
be large in magnitude, frequently reaching the yield point 
of the material. In some instances they have been directly 
responsible for the fracturing of welded assemblies 

In a butt weld of unrestrained flat plates, the residual 
stress in the direction parallel to the weld is generally 
much greater than in the direction transverse to the weld 
although transverse stresses may approach the yield 
point in large thick plates joined by multi-pass welds 

The relation of residual stress to brittle fracture is still 
a matter of controversy, but experimental evidence 
appears to indicate that residual stresses have little effect 
unless defects such as a crack are present 

Reaction stresses occur in structures which are welded 
under restrained conditions. Residual stresses are gener 
ally considered to be highly localized and associated with 
steep stress gradients, as distinguished from reaction 
stresses, which are uniform over relatively long distances 
Reaction stresses can be relaxed by separating two parts 
of a structure by a single cut, whereas residual stresses 
cannot. Reaction stresses in welded parts can initiate 
brittle fracture 

Residual compressive stresses are considered to im 
prove fatigue life, but it has not been proved that residual 
tensile stresses are deleterious. Limited evidence indi 
cates that ordinarily welding stresses have little effect on 
fatigue behaviour 

Although reports of fractures in service duc to welding 
stresses are rare, such failures that have occurred have 
indicated that residual stresses, in conjunction with other 
factors, such as low temperature, thermal stresses, cxces 
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sive cold work, and mechanical defects, can be a contri- 
buting factor. 

Welding stresses may be relieved by either of two basic 
methods, i.e., by thermal stress relieving or by mechanical 
stretching. Thermal treatment is a very effective means 
of removing welding stresses. Mechanical stress re- 
lieving is accomplished by stretching plastically the 
regions under tension. A variation of this process is low- 
temperature stress relieving, which involves heating two 
bands adjacent to and parallel with the weld to a con- 
trolled low temperature (about 350°F). This process is 
finding considerable use on large simple structures. 

A number of factors influence the relief of residual 
stress. Among these are (1) initial stress level, (2) time, 
(3) temperature, (4) composition of the steel, and (5) 
microstructure. Section size is also important, because 
it determines the length of soaking time required to 
ensure that all parts of a structure are thoroughly heated. 
Preheat also influences the residual stress pattern and 
hence the stress-relieving process. 


Electrical Effects Accompanying the Stick-Slip Pheno- 
menon of Sliding of Metals on Plastics and Lubricated 
Surfaces. 

By G. W. SOHL, J. Gaynor, and S. M. SKINNER. (From 
Transactions of the ASME, U.S.A., Vol. 79, No. 8 
November 1957, pp. 1963-1970, 19 illustrations.) 

As described in this paper, the electrical transients 
which accompany the stick-slip phenomenon in boundary 
lubrication have been investigated by an apparatus which 
permits simultaneous oscillographic measurement of any 
two of three variables, i.e., the instantaneous load, the 
instantaneous frictional drag, and the electrical transient 
potentials during the stick-slip motion. The phenomenon 
has been investigated with unlubricated metal-metal 
contact using four metals in various combinations, lubri- 
cated metal-metal contact using various combinations of 
metals and five lubricants, and metal-plastic contact ; in 
all cases, the contact was a sliding contact at low speed, 
since this accentuates the stick-slip phenomenon. 

Definite time correlation between the mechanical 
stick-slip and the electrical transients has been found. 
The characteristics of the electrical discharge appear to 
favour a charge-discharge mechanism rather than a 
thermoelectric potential or a dielectric breakdown 
mechanism, although further experiments are necessary 
to provide unambiguous proof of such a conclusion. 

The conclusions derived from this investigation are 
as follows : 

(1) The stick-slip phenomenon in boundary lubrica- 
tion is accompanied by an electrical transient of the 
nature of a discharge. Since such discharges were ob- 
served in metal-plastic contact, quite similar to those in 
metal-metal contact, lubricated or unlubricated, and 
since conduction in the usual sense is not possible 
through thick plastic sheets, and no evidence was obser- 
ved of dielectric breakdown, the nature of the transient 
is quite possibly a charging mechanism, followed by a 
mechanical breaking away of charged surfaces from each 
other and subsequent decay. 

(2) The mechanical stick-slip and the accompanying 
electrical transients are observed in the dry friction 
between metals, both if they are different or from the 
same stock. They also are observed in lubricated fric- 
tional contact between the metals and in contact between 
metals and various plastics of sufficient thickness to 
ensure that electrical breakdown is unlikely to occur 

(3) The electrical transients are accompanied by a 
change in the frictional drag. The period of time during 
which the change in drag takes place is long, compared 
with the duration of the transients, but is still small ; the 
transients usually occur almost at, or exactly at, the 
beginning of the slip, but a few occur at other times. In 
some few cases, electrical transients were obtained with- 
out observable change in the drag ; these may be due to 
changes in the chemical surface conditions which pro- 
duced localized electrochemical potentials. However, 
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change in the measured drag does not occur without the 
presence of electrical transients. 

(4) During stick-slip, the large changes in the 
measured drag are not accompanied by noticeable 
changes in the measured vertical load. 

(5) The electrical discharge and drag change in metal- 
plastic frictional contact show more regularity than do 
those in metal-metal contact. The quantity of charge 
involved depends directly upon the change in frictional 
resistance. Although the points are scattered, they show 
sufficient consistency, so that a straight line can be 
drawn through them, with a slope which depends upon 
the plastic used. 

(6) The transfer of charge during stick-slip in metal- 
plastic contact has been confirmed in two additional 
ways, i.c., by dusting charged powders on the plastic and 
by sliding polymer powders down metal sliders 


Determination by a Direct Method of the Speed of Sound 
in Water. 

By M. GREENSPAN and C. E TscuiecG. (From Journal 
of Research of the National Bureau of Standards, 
U.S.A., Vol. 59, No. 4, October 1957, pp. 249-254 
4 illustrations.) 

THE speed of sound in water is a physical property of 

fundamental interest ; together with density, it deter- 

mines adiabatic compressibility, and eventually the ratio 
of specific heats. The variation with temperature is 
anomalous ; water is the only pure liquid for which it is 
known that the speed of sound does not decrease mono- 
tonically with temperature. There is also a practical interest 

in the speed of sound in water in that water is used as a 

standard liquid for the calibration of instruments for 

measuring the speed of sound in liquids automatically 
both in the laboratory and in the field. In fact, it was in 
connection with the calibration of such * velocimeters 
that interest in this work was first aroused In the first 
place, the available data scatter widely, as recent sum 
maries clearly show In many cases, the discrepancies 
far exceed the claimed accuracy or at least the precision 
of the methods, even when the methods compared are 
the same. In the second place, there exists no set of data 
giving a smooth variation with temperature over any 
considerable range. In particular, the best of these data 
yield calibration curves for velocimeters which are badly 
curved instead of straight (as they should be), and about 
which the data scatter irregularly, but reproducibly. The 
results presented in this paper are free of these objections 

In the method here employed, the sample is confined 
in a tube whose ends are plane, parallel, clectrowcoustic 
transducers (quartz crystals in this case). If the left-hand 
crystal, say, is excited by a short pulse from the blocking 
oscillator, the oscilloscope, which measures the voltage 
on the right-hand crystal, will show a received pulse and 

a series of echoes. The pulse-repetition frequency of the 

blocking oscillator is controlled by a sine-wave oscillator 

and, if this frequency is adjusted so that cach blocking 
oscillator pulse coincides with the first received pulse of 
the next preceding cycle, then the oscillator period would 
equal the time of flight of the pulse. However, as the 
two pulses have different shapes, the accuracy with which 
the coincidence could be set would be very poor. Instead 
the oscillator is run at about half this frequency, and the 
coincidence to be set is that among the first received 
pulses corresponding to a particular electrical pulse, the 
first echo corresponding to the electrical pulse neat pre 
ceding, and so on. The input pulses fall halfway between 
the pulses for which the coincidence is set, so that they 
do not tend to overload the amplifier or distort the oscillo 
scope traces. The period of the oscillator, when properly 
set, multiplied by twice the length of the tank, is the speed 
of sound in the sample 

Using this method, the speed of sound in distilled 
water has been measured over a temperature range of 

0 to 100°C with an accuracy of | part in 30,000, and the. 

results are given in the paper as a fifth-degree polynomial 

and in tables 
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The Bristol Olympus turbojet engine powers the Avro 
Vulcan atom bomber now in service with the Royal 
Air Force. This cut-away view shows an early version 
now off the secret list. All Bristol engines are fitted 
with Ransome & Marles Bearings. 
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What services do Ransome & Marles offer the designer ? 


As you know, the machines being designed today are going to operate at very high 
speeds, under very heavy loads, and in conditions that could produce high temperatures. 
We help the designer to overcome these problems by our research into new bearing 
materials such as ceramics and sintered metals—and the results of this research are 
available to him free of charge. 


Again, we are always improving the design of cages, and welcome the opportunity of 
basing new designs on the actual requirements of machinery now being planned. 

In this country we pioneered the use of non-metallic cages for high-speed running, and 
now of course they are specified for all kinds of engineering. 


Then there is bearing lubrication, on which our Technical Department are always ready 
to advise the designer...and detailed recommendations on shaft and housing tolerances 
...comprehensive facts and figures on stress and bearing life... full analytical reports 
on the causes of premature bearing failure... 











In these and many other ways, Ransome and Marles provide a valuable service for the 
designer, a service which will produce better results in the machinery of tomorrow. 
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RANSOME & MARLES BEARING CO. LTD. 


Newark-on-Trent England 
Telephone: Newark 456 Telex 37-308 
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| New Materials, Processes, and Equipment | 





MACHINE FOR CONVENTIONAL AND 
DIAGONAL GEAR SHAVING 

Stated to combine in one all-purpose mechanism of 
the rotary cross-axes type all the principles which have 
proved effective in gear-shaving practice, the “ Red 
Ring” gear-shaving machine (Fig. 1) developed by the 
National Broach and Machine Company, of Detroit, 
Michigan, can be used for both conventional shaving and 
high-production diagonal shaving, in which the work 
gear is reciprocated, not in line with its axis, but diagon- 
ally. The centre distance between cutter and work gear 
may be fixed and the cutting cycle limited to a forward 
and return stroke, as it was in the original concept of dia- 

gonal shaving, or the number of strokes may be increased 
as desired. 

A mechanism is incorporated which provides auto- 
matic precision up-feed in selected increments through- 
out the shaving cycle and automatic return to the proper 
backlash position for loading and unloading at the end 
of the cycle. This applies to both conventional and dia- 
gonal shaving. Any number of cutting strokes, each with 
its own increment of up-feed, and any number of idling 
strokes, all automatically controlled, may be used. Like- 
wise, the increments of up-feed may be constant or varied 
to meet specific requirements. Paradoxically, increasing 
the number of strokes in the diagonal shaving cycle 
actually increases production rates, owing to the speed 
of up-feed and faster cycling. 





Pig. 1. 

Another very important feature of the multi-stroke 
cycle is that, when gear-tooth stock is removed in a 
greater number of smaller increments, closer tolerances 
may be held, and cutter life is greatly increased, i.c., up 


to 200%,. When up-feed is entirely automatic, there can 
be no danger of errors in judgment on the part of the 
operator; also, when the cycle starts and stops at a pre- 
determined backlash position, loading and unloading 
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can be handled very much faster. In conventional shaving 
the same advantage applies. It is no longer necessary to 
use a handwheel to bring the work into mesh with the 
cutter and to lower it again at the end of the cycle, thus 
saving considerable time and precluding the possibility of 
serration marks on the tooth surfaces due to manual 
operation. 





Fig. 2 


The amount and accuracy of up-feed is governed by a 
double-sided master cam and is actuated mechanically 
Thus, each knee movement is fast, positive, and extremely 
precise. In a typical case, the knee rises approximately 
0-022 in. from the backlash position for loading or un- 
loading, to bring the work gear into shaving mesh. If the 
feed for the initial cutting stroke is 0-002 in., the total rise 
is 0-024 in. This is accomplished by differential feeding 
in | sec, in contrast with 7 sec for other machines. The 
cam is manufactured to accommodate a combination of 
various feeding cycles. If it is desired to reduce the 
number of cutting strokes, only part of the cam surface is 
used in service. The flexibility of the feed mechanism is 
such that any desired cycle may be used. Repositioning 
or changing the cam is a simple operation that requires 
only a few minutes. The up-feed control mechanism 
(Fig. 2) is housed in a closed cabinet at the front of the 
knee. An observation window permits the operator at 
any time to read a circular scale which indicates the 
amount of up-feed for each cutting stroke. The cabinet 
may be locked to prevent any unauthorized changes in 
the shaving cycle 

When used for conventional shaving, the machine 
table may be held in a horizontal plane for shaving 
Straight gear teeth, cither spur or helical. It may be 
locked at an angle to the horizontal for shaving taper 
teeth, or it may be rocked as it is reciprocated, in order to 
produce teeth of ellipsoidal form. The rocking action of 
the table is accomplished by means of a central pivot and 
cam which raises cach end of the table alternately as the 
end of its cutting stroke is approached. Thus, the cutter 
is forced to bite more deeply into the ends of the teeth of 
the work gear, leaving a slight regular crown between 
The point of maximum crown is governed by positioning 
the work gear with reference to the cutter, The amount of 
crown is a function of the table-actuating cams. Thus 
crowning can be accomplished by rocking the table or by 
grinding the crown in the shaving cutter Hitherto 
crowning required a specially formed cutter, but now it 
can be effected with any standard rotary cutter while the 
work gear is being reciprocated in line with its axim 
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Fig. 3 

The table is of rigid construction, and the crowning 
cam (Fig. 3) is located on the table centre-line to avoid 
any tendency to twist. The point of maximum crown, al- 
though usually at the centre of the tooth, may be shifted 
either way by changing the position of the work gear 
with reference to that of the cutter, the amount of crown 
being a function of the cam adjustment. When it is 
desired to shave gear teetin, spur or helical, without a 
crown, the crowning cam is disengaged. The table then 
remains horizontal throughout its stroke. The pivoted 
table also offers the possibility of shaving gear teeth to a 
predetermined taper. In this case the table is set at the 
desired angie and locked. Shaving then proceeds on the 
conventional cycle. 


MICRO-HONING MACHINE FOR FLAT 
SURFACES 
Capable of generating parallelism, flatness, and con- 
trolled functional finishes, and particularly suitable for 
surfaces which must be held accurate for flatness and 
finish, such as bearing surfaces carrying a load and the 
faces of dynamic seals, the **Microflat’” micro-honing 
machine announced by the Micromatic Hone Corpora- 
tion, of Detroit, Michigan, can be used with any type of 
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material, from bronze to carbides, glass, or ceramics 
Either loose or bonded abrasives may be used to develop 
the required surface finish 

The new machine duplicates the motions of skilled 
hand-lapping, and abrading is effected at low speeds and 
light pressures. The parts, mounted in a fixture which 
rotates and oscillates across a rotating plate or wheel, are 
held by carrier rings between two rotating abrasive 
wheels, The carrier rings rotate about their own centres 
as they turn around a central pin gear, so that the surfaces 
are abraded by the full face of the wheels. The speeds 
of the spindle and the abrading surface and the travel! 
path of the workpiece are so adjusted that abrading 1s 
equally distributed over the entire surface, pressure being 
applied through a cushion which distributes it uniformly 
over the surface being finished. The opposing faces of 
each part are made parallel to within 0°0001 in. or kc 
and all surfaces are optically flat, with a uniform < 
trolled surface finish and thickness 


MAGNETIC LOCATOR FOR BLIND HOLES IN 
NON-FERROUS MATERIALS 

A simple method of locating blind holes in non-fer 
Structural parts is announced by the Boeing Airplanc 
Company, of Seattle. Washington. A small magnet | 
inserted into the hidden hole in the structural member 
and a small instrument, designated a Blindrilles 
which basically contains a sensing tube housing a jews 
mounted pointer tipped with a magnet having a polat 
opposite to that of the other magnet, is placed on the « 
side skin in the vicinity of the hidden hole. The i 


ment is then moved slowly around the skin until the hidck 
hole is magnetically located 





Once the hole position has been determined 
simple matter to ascertain where to drill the required | 
The instrument incorporates a slide arrangement wt 
supports both the pointer and a drill bushing and, af 
the pointer has located the hidden magnet, the ic 
shifted to one side as far as it will go, causing the 
bushing to lie directly over the hidden hole. A sma 
is then inserted into the bushing and a pilot hole dr 
through the skin. It 1s stated that the instrument 
is particularly useful for locating holes which are hidder 
by other overlapping structures, 1 accurate 
0-005 in 


HOSEPIPE ASSEMBLY VICt 
To speed the fitting and renewal of conn 
hosepipes, the Consolidated Pncumatic Tool C: 
of London, S.W.6, have introduced a new piece of 
ment which should be of particular interest wher 
nections are constantly being fitted of renewed of 


pipes——a task which hitherto has consumed considerat 
time and effort 

The equipment consists of a 2h-in. diameter 
acting spring-return cylinder with a 4 in. stroke 
the cylinder being mounted on a baseplate wit! j 














THE ENGINEERS’ DIGEST 














clamping vice facing the cylinder and piston and mounted 
on the same baseplate. The two jaws of the vice are fitted 
with removable inserts to accommodate different dia- 
meters of hosepipe. Air control is achieved through a 
single-acting hand-operated valve to which is fitted an air- 
flow regulator. Sleeves are supplied for the piston-rod 
to suit various types of hose fittings. 


Operation of the unit consists of gripping the hosepipe 
in the vice, fitting a hose connection to the piston-rod, and 
operating the air valve. Fitting is thus carried out in a 
moment and experience has shown that a connection can 
be adequately pressed home, even in a high-pressure 
reinforced hydraulic hose. 


AUTOMATIC CHECK-WEIGHING MACHINE 

A new range of * Selectrol ’’ automatic check-weigh- 
ing machines, capable of proving weight accuracies in 
the range of one part in 5000 up to one part in 20,000, 
is announced by the Exact Weight Scale Co., of Columbus, 
Ohio. Offering versatile handling of products and avail- 
able in capacities from one gram to 100 Ib, these machines 
incorporate automatic transfer mechanisms which place the 
product or package on, and remove it from, the weighing 
element with a minimum of impact. The transfer mech- 
anism imposes no limitation of accuracy on the scale, as 
it is not attached to the scale lever system. Model No. 
144 (illustrated) employs a rotary transfer mechanism 
with one loading station, one weighing station, and two 
discharge stations. Model No. 145 incorporates an in- 
line ** walking-deck ” transfer mechanism, while other 
“* Selectrol ’’ designs use conveyor belts and air-powered 
deflecting gates to shunt products into numerous weight- 
classification channels. 





The scale weighing element comprises an extremeiy 
sensit ve lever-balance optical scale, providing a visual 
weight-reading dial with a frictionless optical indicating 
system. Accurate weight is guaranteed by the use of 


counterweights on the scale weight platter, assuring 
weighing of all products against a known predetermined 
weight. The control system consists of direct-reading 
crystal photoelectric cells on adjustable mountirgs along- 
side the optical scale dial. A printed-circuit transistor 
amplifier is used, providing extreme stability and direct 
correlation of dial reading. The entire scale lever system 
is fully enclosed, and the scale speed is adjustable by 
means of a simplified hydraulic damper. Scale dials and 
beams are available in avoirdupois or metric units, and 
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may be graduated in grains, ounces, pounds, or grams 
as required. A top-hinged housing on the scale provides 
rapid and easy access to the photoelectric-cell adjust- 
ments, counterweights, and hydraulic damper. Change- 
over from products of one weight to another is rapid. 

The high-precision * Selectrol ** models 144 and 145 
operate at speeds of up to 30 weighings per minute, 
depending on the capacity and accuracy required. Other 
models (the Series 1200) are available with speeds up to 
120 weighings per minute. Optional accessories include 
recorders, counters, and visual and audible signalling 
devices. 


LIGHTWEIGHT PORTABLE SPOTWELDERS 

Basically designed for such work as the repair of 
motor bodies, sheet-metal fabrication, and sub-assembly 
tack-welding, the new “ Leopard Autospot " lightweight 
portable spotwelder announced by Portable Welders 
Ltd., of London, S.E.1, is available with a range of four 
basic types of arms, providing up to 13 in. throat depth 
and also allowing for spot prod work. The machine, 
which is mains-operated, has been specially designed for 
even weight distribution and balance, thus ensuring case 
of handling without fatigue. 

Operation is extremely simple, all that is necessary 
being to push down the pressure tong lever and operate 
the switch, which has been specially designed for this 
machine and does not require to be used in conjunction 
with a contactor or timer. Although the basic unit 
weighs only 25 Ib, it is extremely robust and capable of 
supplying high welding-current intensity and forging 
pressure (SOOO A at the electrode tips with a $50-Ib 
forging pressure) 


GEAR ROLL TESTER WITH GRAPHIC 
RECORDER 

Equally suitable for gear production in large and 
small quantities, the new No. 9R gear roll testing instru 
ment announced by the Tool Division of David Brown 
Industries Limited, of Huddersfield, Yorks, provides a 
simple, rapid, and positive means of checking concen 
tricity, tooth contact, centre distance, and tooth thickness 
of a wide range of gears. The standard instrument (illus 
trated) accommodates spur and helical gears up to 9-in 
centres, while precise-fitting and easily interchangeable 
attachments are available for shaft gears, bevel gears, and 
worm gears 





Gears undergoing test are driven by a variable-speed 
motor, which also serves to drive the head of a graphic 
recorder, automatically giving a full and permanent 
graph. With an actual range of 0-008 in. this recorder 
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A glance at these unique advantages 
shows why more and more engineers are 
specifying Ferobestos. 


The versatility of Ferobestos, an 
asbestos-reinforced plastic material, 
opens up an extremely wide range 

of engineering applications. 

great physical strength As well as guides these include:— 


high strength to weight ratio 


Bushes 
high temperature resistance Coupling Discs 
low moisture absorption Bearings 


good chemical resistance 
high wear resistance 

good electrical resistance 
high dimensional stability 
low coefficient of friction 


Gears & Rollers 
Piston Rings 
Wearing Slippers 
Mounting Pads 
Compressor Blades 
Thrust Washers 


Ferobestos is available in a number 

of special grades including silicone 
impregnated for greater heat resistance 
and graphite impregnated for more 
efficient lubrication. 
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gives a magnification of » 250 ; thus, an actual error of, 
say, 00002 in. is shown as 0-05 in. on the graph paper. 
The drive is so arranged that one revolution of the gear 
under test produces a graphical recording 12 in. in length. 
The speed of the gear ranges from } to 2 rpm, and the 
feed mechanism ensures a positive relationship between 
the gear and the graph paper. An ink reservoir of ample 
capacity feeds the arm of the recording pen, permitting 
use over considerable periods without attention. 

Errors are shown on a dial indicator in contact with a 
sensitive carriage loaded by adjustable spring pressure. 
The dial is normally graduated to 0-0005 in., but a 0-0001- 
in. graduation can be provided, if required. Actual gear- 
centre distances are read directly from a vernier scale at 
the front of the instrument. 

The attachment for shaft gears consists of a V-section 
pillar, located on the bed and carrying an adjustable top 
centre (shown fitted in the illustration). Units for bevel 
and worm gears are separately mounted on the sensitive 
carriage. 


HIGH-PRECISION GAUGE-BLOCK 
COMPARATOR 

Repeat readings with an accuracy of 10 ® in. are 
stated to be achieved with a new electronic gauge-block 
comparator developed by The Sheffield Corporation, of 
Dayton, Ohio. Designated the Eli Whitney “* Dualjet ” 
gauge-block comparator, the new instrument uses a 
caliper-type measuring principle, in which extreme 
accuracy is obtained by means of an opposed pair of 
transducer-type pick-up units. 

An electronic gauge cartridge in the gauge head and 
another in the anvil contact opposite sides of the gauge 
block, providing point-to-point measurement from each 
surface—a particularly useful feature when gauging thin, 
badly warped blocks. The operator’s hands need never 
touch the gauge head, since fine adjustment is made with 
knurled knobs in the base of the instrument. Measure- 
ment is amplified either 100,000 or 10,000 times by an 
electronic amplifier. High magnification has a 0-000004- 
in. range and scale divisions of 0-000001 in. A range 
switch permits instant change to low magnifications 
without recalibration. 


esesusee’ 
efeaates 


A precision-ground, 40-pitch leadscrew on a steei 
column, rigidly mounted on the sturdy base, provides 
vertical coarse adjustment of the top gauging head. The 
gauge has interchangeable diamond points and a gauge- 
point lifting device to avoid scratching surfaces of work 
The gauging pressure is 8 oz and the vertical capacity 
4 in. A ratchet-type device raises or lowers the gauge 
head in increments of 0-0005 in. A cooling-off table ts 
available as an accessory. Gauge blocks are placed on 
the table prior to calibration, so that they may normalize 
to room temperature at the same height as the anvil and 
so that they are handled as little as possible during tests 
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HIGH-PRECISION INSTRUMENT SWITCHES 

Stated to have already been subjected to 17 million 
Operations under more severe test conditions than those 
normally encountered in service, with virtually unchanged 
performance and without the need for maintenance, a new 
instrument switch developed by W. G. Pye & Co. Lid., of 
Cambridge, has such high stability of switch resistance, 
with almost complete elimination of thermal e.m.f., as to 
make possible improved designs in potential and resist- 
ance measurements, giving greater precision with simpli- 
fied circuits and operating techniques. Furthermore, the 
long life without maintenance of these switches and their 
robust construction permit greater reliability in instru- 
ments, where precision requirements are less critical 

The overall switch resistance is approximately 700 
microhms, and the variation of contact resistance 20 
microhms. The overall resistance drift during the life of 
the switch is 50 microhms. Thermal e.m.f. is 0-008 
uV/-C with uniform change of temperature. Temperature 
gradient across the switch produces a maximum of 0-025 
pV) ¢ 

The stationary contacts are mounted in a strong 
insulating frame, and the set of brushes makes a bridge 
contact between pairs of adjacent bars in a truly sym 
metrical manner. The brush itself is composed of several 
contact springs, each of which ts independent of the others 
and unrestricted in its movement. Low and consistent 
contact resistance is achieved Without high contact 
pressure and mechanical wear. The moving contacts are 
totally enclosed 





Increasing the Output of Four-Stroke 
Diesel Engines by means of the 
Suction Effect of Exhaust Gases 


(Concluded from page 16) 


the use of even an extremely sensitive centrifugal governor 
was found to be inadequate. As a result, in addition to 
a gevernor, 4 pneumatically controlled piston is used to 
influence fuel injection directly, the piston being operated 
by compressed air delivered from the welding machine 
Thus, fuel injection is controlled in accordance with load 
the centrifugal governor serving merely to readjust the 
set for constant speed. Dynamic scavenging in this in 
Stallation has been found to exercise a pronounced effect 
in making the required torque immediately 
without the production of exhaust smoke 


available 


Supercharging by means of a high-pressure blower 
which has a pressure ratio of 1:12 in the application 
mentioned, increases fuel consumption by something like 
7 because the blower has to supply the scavenging air 
in addition to the charging air. A considerable reduction 
in the power required by the blower can be effected by 
The flay 
controlled so that the intake pipe is connected to free au 
during the scavenging period and most of the suctwr 
stroke. Only for the last part of the suction stroke is the 
intake pipe fed with compressed air from the blower 


fitting a flap in the intake pipe of the engine 


the cylinder 1 
approximately one-third of that which the blower would 
Therefore thee 
power consumed by the blower is reduced and, with i 
fuel consumption 


The volume of compressed air fed t 


have to deliver in continuous operation 


The principle of dynamic scavenging has recen sl 
been applied to gas engines. On an engine of 400 hp, for 


instance, an increase of over 49 compared with former 


designs, was obtained. Of this increase, 2°‘ is agai 
due to the utilization of the exhaust-gas suction effect 
The remaining 15 is the result of a new method of 


preparing the fucl-air mixture 





BACKED BY A QUARTER OF A CENTURY OF 
LOCKHEED HIGH-PRECISION HYDRAULICS 


Control valve 
FOR FORK-LIFT TRUCK 


This efficient dual control valve consists of two 
standard Lockheed units, one controlling the tilt 
cylinder and one the lift cylinder on a well-known 
make of fork-lift truck. It can, of course, be use- 
fully employed in many other applications. The 
valve for the tilt cylinder, which is double-acting, 
is of the 4-way type. The lift cylinder is of the 
single-acting type and the 3-way control valve 
is used. The roller on the extension is designed to 
operate the pump motor switch. 

The unit can be supplied in a number of variations 
either with both 4-way valves or both 3-way valves, 
or with further valves to meet requirements. 


Used in conjunction with this valve is a 
flow control valve, shown at bottom right. 
This is a simple but important unit which 
maintains, at an approximately constant 
rate, the lowering of the fork of the truck, 
regardless of the load which it may be 
carrying. 

This is but one of many highly specialized 
Lockheed hydraulic units, proved ina wide 
range of applications. 





For further details please write for pamphlets and 
kindly mention this journal. 
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PERSONAL 


Mr. Ernest G. Bell, A.M.I.E.E., has joined 
Servomex Controls Ltd., of Crowborough Hill, Jarvis 
Brook, Sussex, as Sales Manager (Instruments). 


Mr. H. Desmond Carter has been appointed Chair- 
man of Crossley Brothers Limited, Openshaw, Man- 
chester (in addition to holding the office of Managing 
Director), in succession to the late Sir Kenneth I. Cross- 
ley, Bt., who died on the 22nd November, 1957, in his 
8ist year after 48 years as Chairman of the Company. 


Mr. Charles F. Cleaver, M.1.C.E., M.1.Mech.E., 
M.I.Loco.E., a well-known personality in the world of 
transport, who retired on January Ist from the boards of 
A.C.V. Sales Ltd. and British United Traction Ltd., 
joined the Associated Equipment Company (then the 
L.G.O.C.) in July 1909, and has been with the A.C.V. 
Group for thirty-four years. 


Mr. D. R. G. Davies, chief chemist and control 
metallurgist of the Workington Iron and Steel Company, 
has been appointed technical services superintendent, in 
succession to Mr. H. B. Lloyd, who has left the company. 
Mr. L. Jackson has succeeded Mr. Davies as chief 
chemist. 


Mr. J. L. Harrison has been appointed Technical 
Sales Manager of Davy British Oxygen Limited, and 
Mr. K. T. Brightman appointed Assistant Technical 
Sales Manager. 


Mr. T. W. Heather, M.C., Comp.I.E.E., has been 
appointed assistant managing director of The General 
Electric Co. Ltd., Magnet House, Kingsway, London, 
W.C.2. He will be responsible for production and home 
sales of the General Products Group. Mr. A. L. G 
Lindley, M.I.Mech.E., a director and general manager 
of the G.E.C. mechanical engineering works at Erith, 
has been appointed assistant managing director, with 
responsibility for production and home and export sales 
for the G.E.C. Engineering Group. Mr. R. E. Robinson, 
M.L.E.E., a director of the G.E.C. Telephone and Radio 
Works since 1945, has been appointed assistant managing 
director, with responsibility for production and home 
and export sales of the G.E.C. Telecommunications 
Group. Mr. D. G. W. Acworth, M.A., M.LE.E., 
manager of the G.E.C. export department and a director 
of sixteen of G.E.C.’s overseas subsidiary companies, 
has been appointed a director of G.E.C. in charge of all 
overseas companies and export sales. Mr. W. J. Bird, 
deputy sales manager since 1954, has been appointed a 
director of G.E.C. in charge of home sales of the General 
Products Group. 


Mr. K. G. Lampson, managing director (sales) of 
United Steel, and Lt.-Col. P. F. Benton Jones, managing 
director (mining and carbonization) of United Steel, have 
been appointed directors of Samuel Fox and Co. Ltd., 
and of the Appleby-Frodingham Steel Company. Lt.- 
Cdr. G. W. Wells, director and general manager of 
Appleby-Frodingham, and Mr. R. J. Bavister, commer- 
cial manager of Samuel Fox, have been appointed direc- 
tors of Samuel Fox. Mr. I. M. Kemp, chief design 
engineer of Appleby-Frodingham, has been appointed a 
director, while Mr. Crawshaw, general sales 
manager and chief purchasing agent of United Steel, 
has been appointed a director of the United Steel Struc- 
tural Co. Ltd. 
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Mr. F. R. Mason has been appointed, consequent on 
the retirement of Mr. J. F. Perry, managing director of 
Metropolitan-Vickers Electrical Export Co. Lid. He has 
also been elected to the Boards of Metropolitan-Vickers 
Electrical Co. Ltd. and Associated Electrical Industries 
Overseas Ltd. Mr. H. F. Bibby has succeeded Mr. 
Mason as general manager of the export company 


Mr. G. M. Mellor, A.1.Mar.E., chairman of Bennis 
Combustion Ltd., Litthe Hulton, Walkden, Lancs., has 
relinquished his joint managing directorship, in order to 
concentrate on the sales activities of the company. Mr. 
B. W. Dawkins has been appointed joint managing 
director. 


Mr. H. C. Pritchard, B.A., F.R.Ae.S., M.1.M., has 
been appointed managing director of Cambridge Instru- 
ment Co. Ltd., 13 Grosvenor Place, London, $.W.1, in 
succession to Mr. W. H. Apthorpe, M.1.E.E., who has 
retired from executive duties but will continue as deputy 
chairman of the company. 


Dr. W. D. Scott, B.Sc., F.R.1.C., A.R.C.S., has 
been appointed assistant managing director of BTR 
Industries Ltd., Herga House, Vincent Square, London 
S.W.1. 


Air Vice-Marshal G. M. C. Spencer, C.B., C.B.E., 
has been appointed to the technical liaison staff of 
William Jessop & Sons Ltd., Brightside Works, Sheffield 


Mr. A. V. Tiddy, assistant secretary of Samuel 
Osborn & Co. Limited, has been appointed to the posi 
tion of local director. Mr. Tiddy, who joined the Com 
pany in 1911, has held successive appointments as 
cashier and assistant secretary, and will be retaining this 
latter position 


Mr. W. T. Vizer-Harmer, director and commercial 
manager, has been appointed commercial director of the 
Steel, Peech and Tozer Branch of The United Steel 
Companies Ltd., 17 Westbourne Road, Sheffield 10 
Mr. J. Mackenzie-Mair has been appointed commercial 
manager, with responsibility for all commercial and 
sales activities 





L. F. BROOKMAN 





We regret to announce the sudden death, on Dex 
ember 18, 1957, of Mr. L. F. Brookman, director of 
Ross Courtney & Co. Lid. since 1923. When Ross 
Courtney & Co. Lid. became a member of the Southern 
Areas Electric Corporation group of companies, Mr 
Brookman remained on the Board of Directors and was 
actively interested in the Company's affairs until he 
recently entered hospital for an operation. Mr. Brook 
man, who was 73, was a commitice member of the 
London & District Association of the Engineering & 
Allied Employers’ National Federation 





W. W. FRANKLIN, M.1.Mech.E. 





It is with regret that we report the sudden death, on 
December 18, 1957, of Mr W WwW Franklin 
M.1.Mech.E., at his home at Ashford-in-the-Water 
Derbyshire. Mr. Franklin, who was 57 years of age, was 
technical director of Davy and United Engineering 
Company Limited, Sheffield 
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The Austinlite marginal relay 


Here is one of the most sensitive instruments of its kind on ‘é e 
the market. Its performance is due largely to the powerful 


heavy duty Alcomax magnet which ensures positive contact. 


Made to an exacting specification, this high-torque moving ELECTRICAL EQUIPM ENT 


coil relay will respond to changes of 1 per cent in AC or DC 


voltage or current, and is adjustable between +1 per cent and Tailor-made by 


anton | STONE-CHANCE LTD. 


This relay was developed for use in Austinlite Control 





(Makers of Sumo Pumps and 
Stone-Chance Lighthouses). 


CRAWLEY, SUSSEX. 


Cubicles, as supplied to the G.P.O. and other telephone 


authorities throughout the world. 
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BUSINESS NOTES 

Marconi Instruments Ltd., of St. Albans, Herts., 
announce the formation of a new engineering group 
whose main duties will be general research investiga- 
tions, research in connection with nucleonics, technical 
liaison with other research organizations, and the appli- 
cations of semiconductors to the Company’s products. 
Mr. G. M. Ettinger, M.Sc., who has been appointed 
engineer-in-charge of this new group, previously held a 
senior post at the Whetstone Laboratories of the English 
Electric Co. Ltd., and has considerable experience in 
connection with transistors and magnetic amplifiers. 


Canadian British Aluminium Co. Ltd., Baie Comeau, 
Quebec, Canada, has completed the first of four produc- 
tion stages ofa £50-million plant which willeventually have 
an annual capacity of 160,000 long tons of virgin alu- 
minium ingot. The ultimate capacity of the smelter 
represents two-thirds of the present annual consumption 
of virgin aluminium ingot in the United Kingdom 


Broadway Equipment Ltd., Parway House, 194-196 
Finchley Road, London, N.W.3, have been appointed 
sole agents for Great Britain of Fabrica Macchine 
Industriali, Naples, Italy, manufacturers of a complete 
range of can-making machinery and ancillary equipment. 


Vitro International, a new Vitro operating company 
with headquarters in Switzerland, has been formed by 
the Vitro Corporation of America, 261 Madison Avenue, 
New York 16, N.Y., and will represent all Vitro opera- 
tions overseas. Dr. Norman A. Spector, vice-president, 
will, in addition, become president of Vitro International. 
He will retire as vice-president of Vitro Engineering, to 
devote full time to his new duties. Ralph L. Brown will 
become vice-president of the overseas company and will 
be based in Switzerland. 

Vitro International will handle European sales for all 
operations, promote licensing of Vitro techniques for 
European companies, license European techniques for 
Vitro activities in the U.S., and engage abroad in nuclear 
energy, nuclear materials, chemical, metallurgical, and 
petroleum processing facilities, mining, and extractive 
metallurgy. 

Vitro is currently engaged in the design and construc- 
tion of a nuclear test facility at Milan for the government 
of Italy, a giant heavy-water fertilizer plant for the 
government of India at Nangal, and a large nuclear 
power station for SIMEA, a government-owned cor- 
poration, near Rome, Italy. 


The Morgan Crucible Company Limited, of London, 
S.W.11, announce that they have secured the rights to 
manufacture brush holders to British Patent 674,796. 
This patent, owned by Ing. G. Giambonini, of Bellinzona, 
Switzerland, covers a novel type of brush-holder pres- 
sure-finger, for use particularly with split brushes, and 
the associated brush-holder. The arrangement is appli- 
cable principally to traction motors, but can be applied 
to any type of machine where maximum brush stability 
is required. This type of brush holder has undergone 
extensive testing on the Swiss Federal Railways. The 
results have been so outstandingly good that the decision 
was taken last year to convert the motor brush-holders 
on all the existing locomotives and on new motors to the 
new system. Over 400 motors have now been supplied 
with holders of this type, or have had their holders 
converted. 

The system offers several marked advantages over 
the types of holder hitherto regarded as traditional for 
railway traction motors. Its particular advantages are 
in the improved condition of the commutators resulting 
from its use, with a corresponding decrease in mainten- 
ance costs and out-of-service time for commutator 
turning and a reduction in brush wear 
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R. Winkel GmbH, of Gottingen, Germany, wil 
nearly 2000 employees specializing in standard mucro- 
scopes and polarization instruments, has been merged 
with the Carl Zeiss Foundation of Western Germany 
with which it has co-operated closely for 50 years 
Henceforth, it will be known as the Carl Zeiss Werk 
Winkel. 


Formica Limited, a recently formed subsidiary of 
Thomas De La Rue & Co. Ltd., announce that, as from 
January 1, 1958, all electrical and industrial 
previously marketed as “* Delaron”’ will be known as 
* Formica Industrial Laminates”, and the material 
previously marketed as ** Traffolyte Engraving or Printed 
Material” will be known as “ Formica Engraving or 
Printed Material. Owing to the agreement linking the 
Company with the American Cynamid Company for the 
exchange of technical information over a period of 2% 
years, the company can now ensure the acceleration of 
technical progress and the widening of the 
Formica products 


laminates 


range ol 


The Firth Cleveland Group announce three important 
developments in the activities of their subsidiary Con 
pany manufacturing steel strip. The name of the Con 
pany has been changed from Charles Cooper (Tipton) 
Ltd. to Firth Cleveland Steel Strip Ltd., and Mr. RB 
Gault and Mr. L. G. Oxford have been appointed joint 
managing directors. Mr. E. W. Day and Mr. J. ¢ 
Cooper continue as commercial and works directors 
respectively 

The range of products from the factory 
of the largest concerns in the U.K. making cold-rolled 
and hardened and tempered spring steel! strip-—has been 
extended to include cold-rolled mild steel strip and cold 
rolled flattened steel wire. All products will be marketed 
under the new brand name “ Fircleve 
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CONSOLIDATED PNEUMATIC MAKE OVER 480 
DIFFERENT MODELS OF POWER TOOLS 


| This is the 
BOYER SUPERIOR CHIPPER 


JUST THE RIGHT TOOL 
FOR THIS PARTICULAR JOB 

















Boyer Superior Chippers start smoothly, handle easily, have extremely 
fine throttling control to impart the correct hitting speed and power, and 
are unfailingly reliable. For these operational features and the compre- 
hensiveness of the range, these chippers and allied C.P. equipment are the 
most suited-to-the-job tools for chipping, caulking, scaling, scraping and 
stone work. Write for the 
chippers and scalers section 
of catalogue No. 50. 
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Pulverizing Machinery Division, Metals Disintegrating 
Company Inc., of Summit, New Jersey, U.S.A., in asso- 
ciation with George Adlam & Sons Ltd., of Fishponds, 
Bristol, have formed a new company known as Pul- 
verizing Machinery Ltd., to market the Mikro-D range 
of equipment, which includes air conveyors, atomizers, 
dust collectors, pulverizers, and rotary airlocks. The 
manufacturer’s research and development laboratories 
at Bristol are being extended to give improved facilities 
for the solution of the many problems in this specialized 
field. The English directors will be Mr. W. Walker, 
J. P., chairman, and Mr. R. W. Young. The technical 
sales office will be at 1 Dover Street, London, W.1. 
Tel. HY De Park 9528/9. 


British Insulated Callender’s Cables Ltd. and The 
Telegraph Construction and Maintenance Co. Ltd. 
announce the formation of Malayan Cables Ltd. in the 
Federation of Malaya, with an initial authorized capital 
of five million Malayan dollars (about £583,000). A fac- 
tory is being erected in Kuala Lumpur, which, at the 
outset, will produce solid and stranded overhead con- 
ductors and thermoplastic and rubber-insulated cables ; 
in due course, the scope of manufacture will be extended 
to other types of cable. The British sponsors will provide 
technical and commercial advice to the company. 


Consolidated Electrodynamics Corporation and The 
Solartron Electronic Group Ltd. have signed a licensing 
agreement under which the British company will manu- 
facture and market CEC magnetic-tape recording and 
reproduction equipment for use in aviation research and 
development and in flight trials of guided missiles and 
aircraft. The instrumentation includes airborne recorders 
and recorder/r« producer systems which record missile and 
aircraft flight-test data and then play it back for analysis 
and interpretation. Solartron has been Consolidated’s 
authorized sales representative in the United Kingdom 
since June 1955. 


As from January 1, 1958, Burton, Griffiths & Co. Ltd. 
are represent ng Schaudt Maschinenbau G.m.b.H. of Stutt- 
gart-Hedelfingen, manufacturers of cylindrical grinding 
machines, in the United Kingdom. 

Whilst Messrs. Schaudt Maschinenbau G.m.b.H., 
established in 1906 under the name Carl Unger, machine 
tool manufacturer, have been making grinding machines 
exclusively for more than 50 years, the emphasis is now 
on the production of external grinding machines. How- 
ever, the manufacturing programme is exceptionally 
extensive, ranging from small machines to the large fully 
automatic machine with magazine loading, so popular 
with the motor car industry. 


EXHIBITIONS AND CONFERENCES 


A National Conference on Materials Handling, the 
first to be sponsored by the American Society of Mechani- 
cal Engineers since 1949, will be held in conjunction with 
the National Materials Handling Exposit‘on at the public 
Auditorium, Cleveland, June 9 to 12, 1958 

This move is in accordance with the society's policy 
of encouraging its professional divisions to sponsor 
separate national conferences devoted to serving mechani- 
cal engineers in the specialties of their particular fields. 


The Council of the Institution of Production Engineers 
announce that the 1957 Viscount Nuffield Paper will be 
presented by Lord Hives, C.H., M.B.E., D.Sc., LILD., 
who retired from the chairmanship of Rolls-Royce Lid 
last January, at the University of Bristol on Thursday, 
February 6, at a meeting commencing at 6.30 p.m. Lord 
Hives has taken as his subject ** Technical Education for 
Production Engineers’. Tickets may be obtained from 
The Secretary, Institution of Production Engineers, 10 
Chesterfield Street, London, W.1. 
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The annua! Design Engineering Show, an exposition 
devoted to products which go into the making of end- 
products, will for the first time be held in Chicago, from 
April 14 to 17, 1958. The show was first held in Phila- 
delphia in 1956, and in New York in 1957, and has grown 
in this short period to a point where it is now the third- 
largest annual industrial exposition in the U.S.A. Sup- 
plementing the exhibits will be a four-day Design En- 
gineering Conference, sponsored by the machine-design 
division of the American Society of Mechanical En 
gineers. 

Registration forms, and programme and hotel infor- 
mation may be obtained from Clapp & Poliak, Inc., 341 
Madison Avenue, New York 17, N.Y 


The Third Production Exhibition and Conference w!! 
be held in the Grand Hall, Olympia, London, from May 
12 to 21, 1958, and will be opened by the Rt. Hon, the 
Lord Mills, K.B.E., Minister of Power The President 
of the Exhibition and Conference will be The Rt. Hon 
The Earl of Halsbury, F.R.IC., F.Inst.P., M.1.Prod.t 
President of the Institution of Production Engineers 
sponsors of the project. The Exhibition will again be 
organized by Andry Montgomery Lid., 32 Millbank 
London, S.W.1 The theme is “ Production Fights 
Inflation ”, and the purpose is to place before the public 
examples of some of the best production technology 
employed in the U.K., and to show how the work of 
scientists, designers, and development engineers 1s passed 
on to the consumer as a result of the application of 
modern production technology. The Exhibition differs 
from the usual run of such displays in that its presenta 
tion is technical ; many of the stands will be manned by 
technologists and scientists who can explain their work 
10 visitors. 

The papers in the Conference will deal with such 
subjects as power for production, the selling of British 
products abroad, the economic background to nations! 
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1.£.C. type A212 9.6 litre heater 
exchanger-cooled stationary 
engine, shown direct-coupled to 
two d.c. generators. For sets to 
generate up to 65 kilowatts. Also 
for static pumping, etc. 


A.E.C. 9.6 litre stationary engine, 
shown coupled to a pumping unit. 





A.C.V. SALES LTD. Marine and Industrial Division 


A.E.C. W 


_ The answer to your power problem 


For maximum usable power 
at the most economical 
r.p.m. in 50-150 b.h.p. 
diesels, the self-contained, 
soundly-designed A.E.C. 
engines are the right answer 
to your power problems. 
Before powering or re- 
powering mobile or station- 
ary plant or equipment, 
investigate the technical fea- 
tures of this well-tried and 


always dependable range of 
direct-injection 
gines. In every application 
they mean a higher standard 
of efficiency. 
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4.E.C. type AV470G 7} litre engine 
available with identical mountings 
in 6} litre capacity. A ver satile all- 
purpose engine for mobile and 
stationary applications. 
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production problems, the designing of electronically 
controlled machinery for production, operational re- 
search and cybernetics, and the human beings who are 
concerned with every stage of manufacture. 


The Lille International Trade Fair and The Brussels 
Universal Exhibition, separated by less than 60 miles, 
will open their doors simultaneously. The Lille Inter- 
national Fair will take place from April 19 to May 4, 
1958, and this coincidence will permit a considerable 
number of visitors from all over the world to effect a 
combined trip to both Exhibitions. 

The Brussels Universal Exhibition will, with the 
assistance of most countries in the world, reveal itself 
as one of the most imposing manifestations ever realized. 
The Lille Fair, in which firms from 18 different nations 
will participate and which welcomed visitors of 35 
nationalities in 1957, will be important as far as the diver- 
sity of goods to be exposed is concerned and rigorous in 
the classification of the different sections, such as machine 
tools, wood-working machinery, electrical industry, tex- 
tile machinery, plastics, office equipment, public works, 
building trades, motor cars and cycles, radio and tele- 
vision sets, material for communities, sewing machines, 
clock and watch making, jewellery, furniture, household 
goods, camping, agricultural machinery, foodstuffs, 
wines, etc. Documentation, identity cards, and full par- 
ticulars may be obtained on application to the ** Com- 
missariat Général’’, Grand Palais, Foire de Lille, 
Lille (Nord) (Telephone : 53,99,60). 


The 10th Liége International Fair, to be held from 
May 10 to May 26, 1958, is offering British manufac- 
turers only all-inclusive prices for exhibition space, i.e., 
the price includes, in addition to floor space, the con- 
struction of a stand, shelving, floor covers, sign-writing, 
electric light, daily cleaning, and, in some cases, even the 


services of one of the Liége Fair's hostesses to take down 
names and addresses of prospective buyers. Such an 
offer has never before been made by a Continental trade 
fair and, it is hoped, will decisively influence British 
manufacturers. 

Full information is available from the U.K. repre 
sentative, R. C. Liebman, 178 Fleet Street, E.C.4. (Tel 
CITy 5889), where space can also be booked and fai 
vouchers obtained. 


NATIONAL SOCIETY FOR CLEAN AIR 

The National Smoke Abatement Society has changed 
its name to the National Society for Clean Air. The 
change reflects a wider scope for its activities and recog 
nition of the fact that to-day the term * smoke abate 
ment" is too narrow and too weak. The Society also 
becomes an incorporated body, being registered as a 
company limited by guarantee and without share capita! 
The offices of the National Society for Clean Air are at 
Palace Chambers, Bridge Street, London, S.W.1! 


EUROPEAN NUCLEAR ENERGY AGENCY 

The Council of the O.E.E.C. has adopted the statute 
of the European Nuclear Energy Agency and has signed 
a convention on security control At the same time 
twelve member countries have signed the international 
agreement setting up a first jomt undertaking, the 
European Company for the Chémical Processing of 
Irradiated Fuel (EUROCHEMIC). These decisions are 
the outcome of the work of the Steering Committee for 
Nuclear Energy under the chairmanship of Professor 
Nicolaidis 

The European Nuclear Energy Agency will be a 
specialized agency, established as from February |! 
1958, within the framework of the O.F.E.C. and under 
the authority of its Council, with the objective of further 
ing the development of the production and uses of 
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nuclear energy for peaceful purposes through technical 
co-operation among the countries of Western Europe. 
Its functions will be to promote the establishment of 
joint undertakings between those countries, discuss their 
research and production programmes for nuclear energy, 
study their requirements for raw materials and capital 
equipment, promote the liberalization of trade in these 
products, develop facilities for the training of specialists, 
and help to finalize and harmonize national legislation, 
in particular as regards the safeguarding of public health, 
prevention of accidents, third-party liability, and atomic 
risk assurance. 

When carrying out these tasks, the Agency will take 
into account the work done by the other international 
organizations concerned and will, as far as possible, call 
on them for assistance. It is provided in particular that, 
in view of the special powers attributed by the six coun- 
tries to Euratom, the Agency will conclude an arrange- 
ment with the European Commission as soon as possible, 
in order to establish close co-operation with Euratom. 
The exclusively peaceful character of the Agency's 
objectives is ensured by a security control, guaranteeing 
that the operation of the joint undertaking, together with 
the materials, equipment, or services provided by the 
Agency, cannot be used for military purposes. 

At the same time, an agreement has been concluded 
to set up a first joint undertaking, the Eurochemic Com- 
pany. The purpose of this Company will be to build and 
operate a plant for the chemical treatment of irradiated 
fuel (i.e., a plant for the production of plutonium) which 
will be erected at the Nuclear Research Centre at Mol, 
(Belgium). The plant will have a capacity for treating 
approximately 100 tons of natural or slightly enriched 
uranium per year. It is expected to cost 12 million E.P.U. 
units of account and will probably be in operation in 
1961. This undertaking is constituted as a European 
company with a capital of 20 million E.P.U. units of 
account (8400 million French francs) set up under an 
international convention with the participation of 
Governments, public institutions, and semi-public or 
private undertakings. Certain Governments have stated 
their intention of transferring their initial participation 
to private industry. A start will be made on the prepara- 
tory work at Mol for the erection of the plant on the 
signing of this Convention, without waiting for its rati- 
fication. 

Work is in progress to set up two other European 
establishments. A project is under discussion for the 
joint operation of the bouiling-water reactor built at 
Halden (Norway) by the Norwegian Institute for Atomic 
Energy. Secondly, the establishment of a homogeneous 
aqueous reactor at the British Research Centre at Win- 
frith Heath is also under study. 

The Steering Committee has also agreed to study the 
possibilities and the economic conditions for the pro- 
duction of heavy water in Iceland by using geothermic 
energy, which provides an abundant source of heat at 
exceptionally low cost. Proposals will also shortly be 
submitted to the Council for the liberalization of inter- 
European trade in products relating to nuclear energy 
This question is being studied as part of the general dis- 
cussions on the Free-Trade Area. 


TRANSATLANTIC TELEVISION CABLE TO 
CANADA 

* By far the best thing a British government could 
do to promote exports to Canada would be to put in 
hand a transatlantic television cable at the earliest 
possible date." Mr. C. O. Stanley, chairman and man- 
aging director of the Pye group of companies, made this 
suggestion when he announced contracts which Pye 
Telecommunications Limited had recently received from 
Canada. Mr. Stanley said that the company had received 
an order for over 100,000 dollars worth of radio-tele- 
phone equipment for the Veterans’ Taxi Cab Company 
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of Montreal, in the face of fierce American competition 
_ Continuing his suggestion for a transatlantic tele- 
vision cable, Mr. Stanley said, ** Reception of American 
television programmes has probably done more to swing 
Canadian trade away from Britain and towards America 
than any other single factor. I am convinced that a 
television cable from Britain could go a long way to 
wards altering the situation in our favour 
_“ A good television outlet from Britain to Canada 

might easily double exports of British consumer goods 
in the space of only a few years 

* I feel that the development of submarine transistor 
amplifiers should make this project possible at a cost 
comparable with the recently laid transatlantic telephone 
cable, the cost of which was £15 million 

“ The cable could be made to pay its own way by 
the sale of live programmes and by carrying hundreds of 
telephone circuits during non-TV hours 

* The foundations for good trade relations depend 
upon getting to know other people's ways of life. Putting 
a television cable between the two countries is the most 
effective single thing that can be done to this end.” 


ELECTRIC LOCOMOTIVES FOR INDIAN 
RAILWAYS 


The vast increase in suburban and main-line traffic 
during World War II on the former East Indian Railway 
and the Bengal and Assam Railway brought these rail 
ways to the stage where they would shortly have reached 
Saturation point with steam traction over the existing 
lines. A decision to electrify at 3000 V d.c. was therefore 
made early in 1954, and tenders for track equipment and 
rolling stock were invited in the 1955/1956 Global Pro 
curement Programme for the first stage from Howrah to 
Burdwan. As a result of these tenders, The English 
Electric Company Limited was awarded a contract to 
supply twelve 111-ton, 3120-hp locomotives. These will 
be the first 3000-V electric locomotives to be commis 
sioned into service in India and will form a direct link 
with the Company's previous association with the Indian 
railways when they supplied the first electric rolling 
stock to be operated on the former G.L.P. and South 
Indian Railways. The locomotives are designated Class 
EM/2 and are designed for a maximum service speed of 


70 mph 
BRITISH AIRCRAFT FOR AIR FREIGHTING 


A great increase during the next few years of ai 
passenger transport is confidently predicted in airline 
circles, but this may not equal the growth in air freighting 
All over the world, industry and commerce are turning 
more and more to air transport as a means of delivery 

In 1956, 1000 million freight ton-miles were achieved 
for the first time by the 70 member airlines of the Inter 
national Air Transport Association, an increase of al 
most 15",, over the previous year. Yet this figure does 
not include the activities of non-member and unscheduled 
airlines. Altogether, £927 m. worth of goods were ex 
ported from the U.K. by air in 1956, or less than 1", of 
total U.K. exports. The corresponding figure for im 


poris was £657 m., or 16 of the total, During the 
first six months of 1957, £544 m. worth of goods were 
exported by air, or 32 of the total. Imports were 


valued at £42°5 m., equivalent to 2:1", of the total 

Although there has been a steady increase in ait 
freighting over the past three years, there m likely to be a 
much more rapid growth between now and, say, 1960-2 
The demand cxists and specialized acroplanes are being 
developed accordingly 

Advantages of air freighting include speed, decreased 
cost of p.uckaging and labour, reduced losses duc to 
damage and pilfering, and, nowadays, favourable in 
surance ratcs 

Mixed freight) passenger airliners are now in demand 
Viscount 800s have, proportionately, a bigger freight 
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ZINC ALLOY 
RUST-PROOFING CO. LTD. 


SHAKESPEARE STREET, WOLVERHAMPTON 
TELEPHONE: WOLVERHAMPTON 20647/8/9 
ALSO AT LONDON & ROCHDALE 


ES ee 
| PAREX 
| ESTABLISHED 1923 


ae 1H INDESTRY 
* 2S 


| They are Tough and Hard and outlast many H.S 
Steel or ‘‘Live’’ Centres. ‘‘PAREX'’ means 
accuracy with economy. They are supplied in all 
standard tapers, or special for light or heavy duty 
laches and grinding machines. ‘‘ PAREX"’ metal 
is not affected by ordinary abrasive grits. Send 
for price lists and literature to Sole Makers: 
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ROLLS-ROYCE LIMITED, 
at their Hillington factory, use TYPROD 
Matting on their pallets and storage 
racks to prevent damage to oil engine 
crankcases and cylinder heads 
TYPROD Industrial Matting is‘ also 
acknowledged ideal for providing a safe 
non-slip footing at machines and work- 
benches. TYPROD is hardwearing yet 
resilient and reduces* industrial fatigue. 
Standard sizes or special lengths 


to specification 
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We are always pleased to discuss your 
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“ Parex ”’ Works, West Burton Street, Salford, 5. | Write for specimens and details to Dept. ED 


Tel. Tra. Park 1381. 
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hold than did earlier models, and Britannias also have 
ample freight accommodation. The Vanguard and VC-10 
airliners will toth have * double-bubble *’ fuselages, the 
lower sections being solely for freight. The Herald, 
Accountant, Rotodyne, HDM.105, and several other 
existing or projected British aircraft are designed for use 
as freighters or for carrying mixed freight passenger 
loads. The Universal and AW.650 are both designed 
primarily for freighting and may set the pattern of large 
merchant aircraft of the future. 

Last year, 30°,, of B.O.A.C.’s revenue came from air 
cargo, representing 53 million ton-miles, while 20°,, of 
K.L.M.’s revenue comes from freighting. Yet this form 
of air transport is still in its infancy, as the next few years 
will show. 


BRITISH STANDARDS 
(Copies of British Standards may be obtained from the 
British Standards Institution, 2 Park Street, London, W1) 


Steel Tubes and Tubulars Suitable for Screwing to B.S. 21 
Pipe Threads. B.S. 1387 : 1957 supersedes the 1947 
edition. It applies to welded and seamless screwed and 
socketed steel tubes and tubulars, and to plain-end steel 
tubes suitable for screwing to B.S. 21 pipe threads. Three 
thicknesses of tubes are specified, i.e., light, medium, and 
heavy, with nominal bores of 4 to 6 in. inclusive. The 
tubes specified conform to the ISO series. 

The new publication (price 6s.) differs from the 1947 
edition in the following main respects : 

(a) The minimum outside diameter for medium and 
heavy tube is the same as the maximum diameter of 
internal thread and therefore slightly less than for 
Classes B and C. 

(b) The total outside diameter tolerances for medium 
and heavy tube of 1, 1}, and 14 in. nominal bore have 
been decreased from 0-031 to 0-030 in. The tolerance for 
tube of 2-in. nominal bore has been decreased from 0-045 
to 0-040 in., and that for tube of 2}-in. nominal bore 
from 0-050 to 0-045 in. 

(c) Some of the thicknesses of both heavy and medium 
tube have been increased by one Standard Wire Gauge 
and some decreased by one or two gauges. 

(d) The weights per foot of both plain-end and 
screwed and socketed tubes are the ISO agreed values. 

(e) The ISO recommendation that there should be no 
limit on the plus tolerance on thickness has been adopted. 

({) The weight tolerance on a single tube has been 
altered from —74°,., to —8 10°,,, in conformity with 
the ISO recommendation. 

(g) The random lengths now specified are 13 ft 
minimum. 

(h) New identification colours have been adopted for 
the medium and heavy tubes. 


Graphical Symbols for use in Diagrams for Fluid Power 
Transmission and Control Systems. B.S. 2917: 1957 
The symbols in this new 40-page British Standard 
(price 8s. 6d.) are for use in the general field of engineer- 
ing, excluding aircraft engineering. Specifically, they are 
basic symbols for transmission and power control sys- 
tems employing hydraulic fluid and air or other gases, 
and are shown in conjunction with rules for their use 
The standard is similar to the Joint Industry Conference 
Code in use in the U.S.A. and in accord with the Ameri- 
can Standards Association Code which has been drafted 

A clause on ** Symbol Rules ™ is followed by a 13- 
page section dealing with * Flow Lines and Flow-Line 
Connections **. The many symbols illustrated are con- 
cisely annotated ; simplified symbols are shown for 
complicated arrangements. Section Two is devoted to 
composite symbols ; again, there are simplified symbols 
for complicated arrangements. Section Three includes 
nine complete diagrams for machines and equipment 
The diagrams illustrate the use of the symbols for very 
detailed cases and should prove of considerable assis- 
tance to draughtsmen and illustrators 


JANUARY, 


1958 Volume 19, No. | 





Classified Advertisements 


The rate for all classified advertisements is 9d word 
order \Qs. Box-number adver 


print 1s. per word : minimum 
ls. extra. Instructions, together with remittance, must be + 
later than the \st of each month for advertisements t 

nth’ s issie 


TECHNICAL TRANSLATIONS 


TECHNICAL TRANSL ATIONS, Gerr French, | 
Engineer. Excellent References. Priest 16 Hart R ad, Ha i 


WANTED 


Copies of the February 1957 issue Tht ENGINEERS DIG EST 
are urgently required. 4 6d. each will be paid | ve 

dition returned to The Subscriptio on Depart nent THI ENG INI rR 
DIGEST, 120 Wigmore Street, Lond w ! 





NEW BALL & 
ROLLER BEARINGS 


OVER 4,000,000 IN STOCK 
IN MORE THAN 4,000 TYPES 


BRITAIN’S LARGEST STOCKS 


WRITE FOR NEW STOCK LIST 


CLAUDE RYE BEARINGS 


895-921 FULHAM ROAD, LONDON, S.W.6 
Renown 6174 (Ext. 24) Cables: Rybearings, London Telex 2345) 
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THE SPECIALIGT FOUNDRY 
—— 


The Specialist 
for 
BLACKHEART MALLEABLE 
IRON CASTINGS 


Foundry 


HEAT & ABRASION 
RESISTING ALLOY CASTINGS 


Manufacturers of 


“PULMAC” 
PULVERISING MILLS 


Follsain-Wycliffe Foundries Limited 


LUTTERWORTH, NR. RUGBY Tel. 10,60 8 152 














essential economy... 


Movement costs of raw materials or finished pro- 
ducts are reduced to an absolute minimum by 
the installation of Spencer handling plant. The 
conveyors illustrated at this C.E.A. Generating 
Station are typical of the modern machinery 
designed and manufactured by us for reducing 
handling costs over the whole field of industry. 
No firm possesses wider experience in meeting 
this need and our accumulated knowledge is at 
your disposal. 

Eight conveyors of centres up to 660 feet and 
capacities varying from 260 to 400 tons per hour 
are used in this plant to convey coal from ship 
or stock pile through sampling, screening, crush- 
ing and weighing equipment to bunkers over 
the boiler house. 








(SPENCER) 
HANDLING PLANT 


SPENCER (MELKSHAM) LIMITED 
MELKSHAM WILTSHIRE 
Branch Offices: 





Ingersoll House, 9 Kingsway, London, W.C.2. Tel: Cov. Gar. 1800. 


34 Castle Street, Liverpool 2. Tel: Central 3738. 
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Type NX, X & CY 
CABLE CLIPS 


are 
QUICKER, SIMPLER, SAFER 


These non-metallic, high- ‘dielectric cable clips provide the 
safest means of securing cable looms and components in 
all radio and electrical equipment. They are manufactured 
in both nylon and P.V.C. in an extensive range covering 
all wiring requirements. Specially designed radiused 
edges, non-chafing, anti-corrosive. Fully tropical. 
Approved all services. 

Sampies and literature available on 

request. 


INSULOID MANUFACTURING CO. LTD. 


Sharston Works, Leestone Ave., Wythenshawe, Manchester. 
Tel: Wythenshawe 2842 and 3163 
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, Sear 





Saves time and money 

Non-metallic. Fully Tropical. 

Here is a Bush designed for instant 
assembly by a simple snap on finger 
action. Completely secure under all 
working conditions. 

High Dielectric. Approved all Services. 














T. WH ITTLE & SONS 


POWER TRANSMISSION ENGINEERS 
HEAD OFFICE AND WORKS: WARRINGTON 
PHONE : WARRINGTON 336//(3LINES) GRAMS :BELT, WARRINGTON 
LONDON OFFICE: BUCKINGHAM HOUSE 19 2! PALACE ST SW! 
TEL TATE GALLERY 961! 
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BOOKS RECEIVED 


LATEST INDUSTRIAL LITERATURE 





Electrical Technology. Seventh Edition, 1957. By H. Cotton, 
M.B.E., D.Sc., M.L.E.E. 880 pp., 586 illustrations. Publishers : Sir 
Isaac Pitman & Sons, Ltd., Parker Street, Kingsway, London, W.C.2. 
Price : 50/-. 

Since the first edition of this well-known book appeared thirty-two 
years ago, progressively increasing demands have been made on 
students. In past editions, development of the subject was based 
exclusively on the c.g.s. system of units, but the recent recognition and 
adoption of the rationalized m.k.s. system has converted the question 
of a major revision of this work from a mere desirability to a necessity 

This new edition, then, not only makes use of m.k.s. units, but 
has also been entirely reset and revised, increasing its size and scope 
Thus, for instance, such chapters as those dealing with electrostatics, 
electromagnetics, and d.c. and a.c. circuit theory have been consi- 
derably enlarged, as also have those dealing with electrical plant and 
apparatus, alternators, synchronous motors, induction motors, and 
commutator motors. Furthermore, appreciable additions have been 
made to the chapters on mercury-arc rectifiers, phase advancing, and 
illumination. 


Closed-Circuit TV System Planning. By Morris A. Mayers and 
Rodney D. Chipp, P.E. 264 pp., 200 illustrations. Publishers : John 
F. Rider Publisher, Inc., 116 West 14th Street, New York, N.Y 
U.S.A. Price : $10.00. 

There can be no doubt that closed-circuit television is rapidly 
becoming a vitally useful tool in offices, factories, schools, hospitals, 
department stores, and many other business and industrial fields 
This book, then, fulfils the need for an authoritative and complete 
advisory source of information for all those who are contemplating 
the use of a closed-circuit television system, and for those who are 
faced with the responsibility of planning and evaluating such systems 

The book answers all questions relative to such factors as space 
requirements, cost of equipment and installation, types of equipment 
available, and manpower needed to operate and maintain the equip- 
ment. The advantages, disadvantages, capabilities, and limitations 
are plainly stated. Extensive descriptions and excellent photographs 
ot where and how closed-circuit television is already used are also 
included. 


Problems in Heat Engines. 


By A. J. Richmond, B.Sc(Eng.) 
(Lond.), Ph.D., A.M.1.Mech.E 


. M.1.Mar.E 284 pp.. 114 illustra 
tions. Publishers : Edward Arnold (Publishers) Lid., 41 Maddox 
Street, London, W.1. Price : 14/-. 

This book covers the requirements of students studying heat 
engines (or applied thermodynamics or applied heat) for the Ordinary 
National Certificate or Diploma in Mechanical Engineering, or for 
endorsement of the Higher National Certificate in Electrical En 
gineering. It is also intended for students in a first-year university- 
degree course or a first year of the Higher National Diploma or the 
Diploma in Technology in Engineering. It will, however, also be 
found useful to candidates preparing for the external examinations 
of several of the professional Engineering Institutions 

The subject matter has been conveniently divided into ten chapters 
nine of which contain an introduction and a number of fully worked 
and explained examples drawn from recent examination papers, fol 
lowed by some further unworked examples, giving intermediate 
answers and the final solution. Many of the worked examples are 
illustrated by sketches or diagrams 


Engineering Insurance. By R. H. Procter, M.1.Mar.f 260 pp 
29 illustrations. Publishers : Sir Isaac Pitman & Sons, Ltd., Parker 
Street, Kingsway, London, W.C.2. Price : 0/- 

Although numerous textbooks exist on practically al! insurance 
subjects, none has been available for some years in connection with 
engineering insurance This book, then, remedies the deficiency, 
covering, as it does, the principles and practice of engineering in 
surance 

Normally, students, who are not in daily contact with the aspects 
of engineering insurance, have difficulty in understanding the various 
types of plant merely from a written description. A feature of this 
book, therefore, is the use of carefully selected illustrations, in order 
to allow students to become more familiarized with the main kinds 
of boilers, engines, and electrical and other plant. Although the book 
is primarily intended for students who are preparing for the examina 
tions of the Chartered Insurance Institute, it will certainly also be of 
value to the general reader who wishes to refresh his knowledge of 
the business 


Radio Upk-ep ard Repairs. Eighth Edition, 1957. By Alfred 1 
Witts, A.M.LE.E. 240 po., 174 illustrations. Pub‘ishers : Sir Isaac 
Ptman & Sons, Ltd., Parker Street, Kingsway, London, W.C.2 


Price : 15/- 

This practical hanc book explains authoritatively and 
to locate faults in radio receivers and ancillary equipment such as 
gramophone pick-ups, how to remedy them, and how to keep modern 
radio receivers in the best possib'e working conditions As such, it 
is a most reference book for radio service engincers and 
mechanics, and for all those who require a thoroughly practical 
source of information 

Although the technique of servicing P.M 


simp'y how 


useful 


receivers, transmtor 


receivers, and printed circuits is similar to that given for A.M. re 
ceivers, there are important differences and difficu'ties of whict 
service men shou'd be fu"'y aware before tackling either type. Con 


seq ‘ent'y. in this new edition, additional chapters have boen added on 
the servicing of F.M. receivers and also on the servicing of transistor 
circuits and printed circuits 
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1. Static and Dynamic Pressure Seals. A 24-page illustrated brochure 
contains details of packings fcr all services, temperatures, and pres 
sures. The packings are made from basic materials which may be in 
the form of fibre, twisted or plaited yarn, or cloth, a seal being formed 
by circumferential pressure between the moving rod or shaft and the 
gland housing 

Sections are incorporated on lubricated fibrous packings, un 
lubricated yarn packings, lubricated yarn packings (asbestos and non 
asbestos), proofed cloth packings (asbestos and non-asbestos), mis 
cellaneous packings, etc Supplementary information on 
sections, weights, etc. is also included 


2. Carbon-Chromium Steel. Particulars of a carbon-chromium stee 
typical applications of which include rollers and balls, roller and ba’! 
races, instrument pivots and spindles, smal! rolls 
are contained in a 4-page brochure 

The recommended temperature range for forging this steel is 
1050° to 900°C. Scaking the steel for long periods & unnecessary 
and 15 min per inch of ruling section should generally be sufficient 
tuume to provide uniformity of temperature throughout Alte 
forging Or stamping, annealing ts necessary to relieve internal stresses 
and facilitate machining. Parts should be hardened by heating to fron 
800° to 820 C, soaking for about 1§ min per inch of ruling section, an 
then quenching in oil cr water 

The steel is supplied in the form of rolled products, black and 
bright bars for machining, and bars and billets for 
stamping 


sizes 


cans, paws, etc 


forging am 


3. Teramins and the Inhibition of Corrosion. A well-produced an 
illustrated 16-page brochure describes the successful research and field 
work carried out on combustion systems in which the tertiary heter 
cyclic amines have been used to render acid condemsation imnocuous 
by inhibition of the acid and not by neutralization. The name Tera 
mins *' has been derived for such prodGcts when used for corrosk 
inhibition 

This treatment not only provides stream protection below dew 
point but is of particular value in the mitial cold lighting 
in those periods during which plant is standing idle 


4. Springs. Produced by a leading manufacturer of springs, a nea 
produced 40-page handbook provides a useful 


Pp Stages an 





guide af 








reference for spring designers, buyers, and users. Subjects « ' 
this book, which does not touch on complex spring problems, as thes« 
should be handled by experienced spring engineers, include the desigt 
of helical extension and compression springs, wire forms, the ordering 
of helical extension and compression springs, spring tolerances 
helical torsion springs and how to order them, and flat springs and 
pressings. In addition, a number of useful reference tables perc 

5. Unit Dust Collectors. Details are contained in an &-page br ine 
of two units designed to provide efficient dust extraction at its » ‘ 
and also a high degree of separation and collection of the by-produ 
obtained These two sizes cover most normal requirements, thoug! 
they can be adapted for a varicty of special operations by mean of 
special attachments and standard modifications 

In operation, a mixture of dust particles and air irawn int 


unit. The dust particles are separated from the air by filtrate an 
are collected in a removable tray, while the filtered ai is dis 
from the unit. The increased volume in the ba 
sudden drop in air velocity 


HM the unit re te i 
providing primary separator The « 
rises end passes through teatile filtering sleeves for secor 
retaining a very high percentage of the remaimuing 


ary 





dust. The filtered a 


then passes through a specially designed fan and i deflected or the 
casing of the electric motor to give additional cooling 

6. Hot-Dip Strippable Coatings. Lasily applied merely by dipmons 
and then withdrawing the article to be coated, a hot-dip strippa tele 


coating described in a well-produced brochure essentially a tougl 
rubber-like plastic thick 
which can, however, be removed extremely easily 


flexible rotective ob 


which form a t 


« her feajuire 4 
even remelted for using again time after time 
Supphed in blocks of approsimmately 1 it he aterial f 
completely transparent film which is impervious | walter, gare 
bacteria, etc., and retains its original properties even when heats 
160°C for 150 hr. It can be used not only for the protection of pre 
cmon tools, gauges, etc but also for bulky spare parts uf 4 


in length 
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FOR ALL 4 
INDUSTRIAL 


From One Feed to Twenty 
Fitted on Main and Auxiliary Engines of over 2000 ships 


used by all leading British and many Continental Engine Builders 


J. & W. KIRKHAM LT°. BOLTON 


PHONE: 8027-8 GRAMS: BRASS 











TO INDICATE CONTROL OR RECORD 
TEMPERATURE 





For accuracy, ease of reading, robustness, economy 
and long, trouble-free life install Rototherm Thermo- 
meters, Controllers and Recorders. Specialists in 
bi-metallic applications. 
Write for details 


STEAM TRAPS 


FOR 2 YEARS 


GUARANTEED 
ALSO REDUCING VALVES, WATER HEATER CONTROLS, 
H.P. HOT WATER VALVES 


MIDLAND INDUSTRIES LIMITED 
BI-METAL MERCURY-IN-STEEL VAPOUR PRESSURE CO 
THE BRITISH ROTOTHERM CO. LTD. 
Merton Abbey, London, S.W.I9. Phone: LiBerty 766! 


Midland Factory: Hollis St., New Basford, Nottingham 77847. 

















WHAT WE DO IS OUR CUSTOMERS' SECRET...It must not be talked 
about...which is all very trying because we would like to 
give you some idea of the size, character and variety of 
JIGS and SPECIAL PURPOSE MACHINES we are producing--some 
are really ingenious. We can tell you though, that we are 
consulted and employed by many of the foremost Engineering 
concerns in the Country. Why not discuss your next 

problem with us? WM. C. FRANCIS LTD., Canley, COVENTRY. 
Mfs. also of Precision Tools, Prototypes & Welded 
Constructions. A.I.D. Approved. 
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THE SUPER BELT 


RIVLINK “ «= 


VEE DRIVES 


inside or outside 





MADE IN RUBBER FABRIC 


* LEAST STRETCH— * EACH LINK A U N , ee E R S A L 


LONGEST LIFE COMPLETE UNIT 
* DETACHABLE AND ADJUSTABLE 














ab ee 


RIVLINK BELTS LTD. Free illustrated Cotologues are evelable on request 


NORTH STREET. OPENSHAW tie DAR « LTD ™S@ARKBT ROAD ' LEICESTER 


: e Lewester 67822/3 
MANCHESTER 11 Seleghone: 


EASt 2302 




















ALLOY STEELS 
—too!! 


For many years it has been known that 
‘40/50",, Carbon Steel Gears will give 
an appreciably longer life when Flame 
Hardened—in fact four to five times 
the normal. 

Fewer people are aware that Alloy 
Steels— Nickel Chromium—En 23, En 24, 
En 110, etc., can be similarly treated 


and pass the most stringent tests. 


CUSTOM MADE 














Write us or ‘phone for full information PRECISION GLASS MOULDINGS 
| TO 2 -DIAMETER 
FLAME HARDENERS LTD. 
Shorter Works, Bailey Lane, IH ENGLISH GLASS CO.LID 
Sheffield, | 


Tel.: 21627 
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Agency—Pitchford’s Advertising Ltd. 

British Thomson-Houston Co. Ltd., The Alo 
Agency—Technical & General Adv. Agency 

Ltd. 


British Timken Ltd. _— 
Agency—H. Raymond Morgan 

B.T.R. Industries Led. _ 
Agency—Dorland Advertising Ltd. 

Broadbent & Co. (Rochdale) Led. ome 
Agency—Arthur Burns Publicity 

Brockhouse, J., & Co. Ltd. _ 
Agency—A. N. Holden & Co. Ltd 

Brockmoor Foundry Co. Ltd., The ~— 
Agency—Willington Advertising Ltd. 

Bronx Engineering Co. Ltd., The AS4 
Agency—A. N. Holden & Co. Ltd. 

Brown, Boveri & Co. Ltd. _— 

Brown, David, Corporation (Sales) Ltd., The A37 
Agency— Dudley Turner & Vincent Ltd. 

Burtonwood Engineering Co. Ltd. _ 


Agency—Stowe & Bowden Ltd. 
Caldwell, T., & Son AS4 
Carobronze Ltd. a 
Carter Gears Ltd. A49 


Cashmore, John, Ltd. A60 
Agency—Sandbrook, Metcalf & Co. Lid 

Cementation (Muffelite) Ltd. Al6é 
Agency—Napper Stinton & Woolley Ltd 

Central Tool & Equipment Co. Led. 
Agency—Applied Designs (Advertising) Ltd 


Chapman & Hall Led ome 
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Chatwin, Thomas, & Co. — 
Agency—A. N. Holden & Co. Ltd. 

Churchill, Charles, & Co. Ltd. _- 
Agency—Broadway Adv. Service Ltd. 

Churchill Machine Tool Co. Ltd., The 
Agency—Associated British Machine 

Makers Ltd. 

Churchill-Sturm Led. _ 
Agency—Broadway Adv. Service Ltd. 

Clarkson Engineers Ltd. - 
Agencyv—Ripley Preston & Co. Ltd. 

Clayton-Wright, Howard, Ltd. _ 
Agency—Ripley Preston & Co. Ltd. 

Coin Insulation Led. a 
Agency—Havas Ltd. 

Colt Ventilation Ltd. - 
Agency—Greenlys Ltd. 

Cooper & Co. (B'ham) Ltd. — 
Agency—Nicholls Dorrity Advertising Ltd. 

Consolidated Pneumatic Tool Co. Ltd. A84 
Agency—Crane Publicity Ltd. 

Cork Manufacturing Co. Ltd. _ 
Agency—H. Raymond Morgan 


Tool 


Cossor Instruments Ltd. Ag 
Agency—Saward, Baker & Co. Ltd. 
Coulthard, Wm., & Company Ltd. Al7 


Cow, P. B., & Co. Ltd. —- 
Agency—Everetts Advertising Ltd. 

Crofts (Engineers) Ltd. A68 

Cronite Foundry Co. Ltd., The Cover 2 

Crossley Brothers Ltd. a 
Agency—Osborne-Peacock Co. Ltd. 

Crowthorn Engineering Co. Ltd. A32 
Agency—J. K. Clayton Advertising Ltd. 

Curnon Engineering Co. _ 


Agency—Portland Advertising Service Ltd. 
Delapena & Son Ltd A39 
Agency—S. D. Toon & Heath Ltd. 
Deloro Stellite Ltd. A33 
Diamond Screw & Cotter Co. Ltd., The A994 
Agency—A. N. Holden & Co. Ltd. 
Dunlop Rubber Co. Ltd. A72 


Agency—Charles F. Higham Ltd. 


Eagle Pencil Co. = 


Agency—Saward Baker & Co. Ltd. 
Elcontrol Ltd. — 
Agency—Fredk. E. Potter Ltd. 


Electric Construction Co. Ltd., The — 

Electrical Power Engineering Co. (B'ham) Ltd. A48 
Agency—Nicholls, Dorrity Advertising Ltd. 

Electro-Dynamic Construction Co. Led. A47 
Agency—J. Peers and Associates Ltd. 

Elgar Machine Tool Co. Ltd. _ 


Agency— Howard Panton Ltd. 
Elliott, E., Led. _ 
Agency—Sterling Advertising Ltd. 


Ellison, George Ltd. — 
4gency—Crossley & Co. Ltd. 

English Electric Co. Ltd., The — 
Agency—Technical Adv. Service 

English Glass Co. Ltd., The Ad! 
Agency—Frank Gayton Advertising Ltd 

English Steel Tool Corporation — 
Agency—Technical & General Adv. Agency Ltd. 

ENV Engineering Co. Ltd - 


Agency—Allardyce Palmer Ltd. 
Evertaut Ltd. — 
Agency—Elliott Advertising Ltd 


Fabbrica Nazionale Seghette da Metallo 
S.p.A. _ 


Faure-Herman Ets. 40 
Fibreglass Led. Aé65 
Agency—Cecil D. Notley Adv. Ltd. 


Firth Brown Tools Led. 
Agency—Stanlev D. Dickson 

Firth Cleveland Steel Scrip Led A64 
Agency—C. R. Casson Ltd. 

Firth-Derihon Stampings Ltd., The _ 
Agency—Stanley D. Dickson 

Firth, Thos., & John Brown Ltd — 
4gency—Stanley D. Dickson 
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Fischer Bearings Co. Led. 

Agency—H. Raymond Morgan 
Flame Hardeners Ltd. 
Flexello Castors & Wheels Ltd. 

Agency— Dudley Turner & Vincent Ltd. 
Fodens Ltd. 

Agency—A. H. Knowles Ltd. 
Ford Motor Co. Ltd. 

Agency—Rumble Crowther & Nicholas Ltd 
Fordsmith, H., Led. 

Agency—Arthur Burns Publicity 
Francis, Wm.C., Led. A) 
Fraser, Andrew, & Co. Ltd. 

Agency—J. Peers and Associates Ltd. 
Fuller Electric Led. 
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Gas Council, The 
Agency—C. P. Wakefield Ltd. 

General Electric Co. Ltd., The - 

Gibbons Bros. Ltd. A) 
Agency—Elliott Advertising Ltd. 

Gloucester Foundry Led. A-S 
Agency—Print for Industry Ltd. 

Goodyear Tyre & Rubber Co. (G.B.) Ltd., 
The 


Al? 
Agencv—Erwin Wasey Ruthrauff & Ryan Ltd 

G.P.A. Tools & Gauges Ltd. Cover 
Agency—Ingham Butterworth Ltd. 

Griffiths, A. E. (Smethwick) Led. 

Griffiths, Gilbart Lloyd & Co. Ltd. 
Agency— Nicholls Dorrity Advertising Ltd. 

Guest, Keen & Nettlefolds (Midlands) Led. - 
Agency—Cecil D. Notley Adv. Ltd. 

G.W.B. Furnaces Led. - 
Agency—Crane Publicity Ltd. 


Hackbridge & Hewittic Electric Co. Led. 


Agency—Industrial Publicity Service Ltd. 
Hallamshire Steel & File Co. Ltd., The Ai0 
Agency— Downtons Ltd. 
Hallmac Tools Ltd. AS? 
Agency—Jack White & Associates 


Hancock & Co. (Engineers) Ltd. -- 
Agency—Tibbenham Publicity Ltd. 

Harcourt, David, Ltd. - 
Agency—Allardyce Palmer Ltd. 

Harpurhey Precision Engineers Ltd., The - 


Agency—Arthur Burns Publicity 

Harris, John, Tools Ltd AS 
Agency—Sinclair Advertising Agency 

Harvey, G. A., & Co. (London) Ltd. A4 
Agency—G. P. Hughes Advertising 


Hathernware Ltd. - 
Agency— Donald Macdonald (Adv.) Ltd. 

Heap, Joshua, & Co. Led. AS) 

Heath Spring & Notion Co. Ltd., The - 
Agency—Tom C. Gough 

Heenan & Froude Ltd. ~ 


Agency—Kenley Advertising Ltd. 
Hermetic Rubber Co. Led ASE 
Hilger & Watts Led. Ase 
Agency—Crane Publicity Ltd. 


Hofimann Mfg. Co. Ltd., The 

Holden, Arthur, & Sons Ltd. 
igency—S. D. Toon & Heath Lid 

Holroyd, John, & Co. Led. A 
Agency—C. R. Casson Ltd. 

Horstmann Gear Co. Lted., The 
Agency—Trowbridge Pritchard & Co. Lid 
Hot Pressed Products - 

Agency—Edward Hilton Adv. Ltd 
Hygate, John, (Bath) Led 
igency—Trowbridge Pritchard & Co. Ltd 
Hymatic Engineering Co. Ltd., The 


4gency—London Press Exchange Ltd 
liford Led = 
4gency—Samson Clark & Co. Lid 


Imperial Chemical Industries Led - 
Agency—Clifford Martin Ltd 

Impregnated Diamond Products Ltd Aé 
Agency—E. Allan Cooper & Co. Ltd 
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n ustrial Fan & Heater Co. Ltd. Al 
A4gencyv—Sinclair Advertising Agency 

n uloid Manufacturing Co. Ltd. 
Agency—W. Hopwood & Co. 

© ernational Combustion Products Ltd. _ 
A4gency—Technical & General Ady. Agency Ltd. 
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nnson Foster, H., Ltd. 
Agency—Applied Designs ( Advertising) Ltd. 


K .yser, Ellison & Co. Ltd. A80 
4gency—Stowe & Bowden Ltd. 

K -elavite Rotary Pumps and Motors Ltd. All 
Agency—Cogent Advertising Service Ltd. 

K -eton, Sons & Co. Ltd. 
Agency—C. R. Casson Ltd. 

K ondall & Gent Ltd. = 
A4gency—Associated British Machine Tool 

Makers Ltd. 


ASO 


Kirkham, J. & W., Led Av 

Lang Pneumatic Led. A8 
Agency—J. Peers and Associates Ltd 

Lewis Spring Co. Ltd., The 38 


Agency—Nicholls Dorrity Adv. Lid 
Ley’s Malleable Castings Co. Ltd. _ 
Agency—H. Raymond Morgan 
ncoln Electric Co. Ltd. AS! 
Agency—London Press Exchange Lid 
nread Ltd. 
Agency—Beardmore Advertising Ltd. 
Lloyd, F. H., & Co. Led. _ 
Agency—Print for Industry Ltd. 
odge Plugs Led. - 
Agency—Elliott Advertising Lid 


A77 


Madan, Chas. S., & Co. Led. _ 
Agency—Portland Advertising Ltd. 

Magnetic Devices Ltd AS 
Agency—Arks Publicity Lid 

Magnetic Valve Co. Ltd., The 


Agency—Crane Publicity Ltd 
Measurement Ltd. _ 
Agency—Robert Brandon & Partners Lid 


Metropolitan-Vickers Electrical Co. Led. Cover | 

Agency—Technical & General Advertising 
Agency Lid 

Midland Industries Ltd 
Agency—A. A. Black Ltd 

Minganti, Giuseppe, & Co _ 

Mining & Chemical Products Ltd — 
Agency—John Mitchell & Partners Lid 

Mirrlees, Bickerton & Day Ltd A6 
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4gency—Rowlinson-Broughton 

Monks & Crane Ltd A6é2 
Agency—Sandbrook, Metcalf & Co. Ltd 

Moon Bros. Ltd. A44 
Agency-— Douglass & Co. Lid 

Morgan Crucible Co. Ltd., The A29 

Morris, Herbert, Ltd AS8 

Morris, B. O., Ltd — 
Agency—Cogent Advertising Service Lid 

Mountford, Frederick, (B'ham) Led A28 
Agency—S. D. Toon & Heath Lid 

Mullard Led . 
Agency—Roles & Parker Lid 

Myford Engineering Co. Ltd A48 

Napier, D., & Son Limited A4 
igency—C. R. Casson Lid 

deill, James, & Co. (Sheffield) Ltd. A7}3 
Agency—J. K. Clayton Adv. Agency Lid 

dewage (Manchester) Ltd Ax 


Agency — Howard Panton Lid 
jewall, A. P., & Co. Ltd Ail 

Agency —Osborne-Peacock Co. Lid 
jewall Group Sales Ltd 

Agency—J. Peers and Associates Lid 
iewton, Chambers & Co. Ltd -_ 

Agency— Stanley D. Dickson 
‘itralloy Led 

4gency—Stanley D. Dickson 
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North British Rubber Co. Ltd., The All 
Agency—The Robert Freeman Co. Lid 


Osborn. Samuel, & Co. Led ATi 


Palmer, Stanley G. A., Led 
Agency— Divers Advertising 
Parmiter, Hope & Sugden Ltd _ 
Agency— Donald Macdonald ( Advertising) Lid. 
Payne & Griffichs Led. _ 


Agency—Sandbrook, Metcalf & Co. Lid 

Pell, Oliver, Control Ltd A400 
Agency—S. C. Peacock Lid 

Perry Barr Metal Co. Ltd Als 


Agency—Tom C. Gough & Partners Lid 
Pilkington Bros. Ltd _ 
Agency—F. C. Pritchard Wood & Pinrs. Lid 
Pilot Works Ltd - 

Agency—J. Peers and Associates Lid 
Pioneer Oilsealing & Moulding Co. Ltd _ 
Agency—Hyde & Partners Lid 
Pitman, Sir Isaac, & Sons Led 
Precision Screw & Mfg. Co. Ltd., The 
Agency—Seal Advertising Service 
P.R. Motors Ltd 


Agency 4 Black Lid 


Ransome & Maries Bearing Co. Ltd a7eé 
Agency —Ruddocks Advertising Agency 
Ransomes Sims & Jefferies Ltd 
Agency—A.1T.A. Advertising Lid 
Rapid Magnetic Machines Ltd 
Agency—Edward Hilton Advertising Lid 
Ratcliffe, F. S. (Rochdale) Led 
Agency —Osborne-Peacock Co. Lid 
Rawsthorne’s (Bolton) Led 
Revolvo Ltd 
Agency—Ripley Preston & Co. Lid 
Richards, Charles, & Sons Led 


Ais 


Agency—Longleys & Hoffmann Lid 
Riley, Robert, Ltd. 

Agency——Commercial Advertising Service lid 
Riviink Belcs Led Ad 
Roberts, J. W., Ltd AB! 

Agency Armstrong-Warden lid 


Robinson, L., & Co. (Gillingham) Led 
Agency—Ripley Preston & Co. Lid 

Rocol Ltd Al} 
dgency Nevin D. Hirst (Advertising) Lid 


Av 


Geo., & Co. Ltd Al? 
Severn Publicity Lid 
& Newbould Led ALS 
Sandiacre Screw Co. Ltd., The 

4gency—Bemrose Advertising Lid 
Sandwell Casting Co., The 

Agency —Edward Hilton 
Saturn Industrial Gases Led 
Crossley & C Lid 
Savery, Thomas, Pumps Ltd 

Agency Nicholls Dorrity Adv. Lid 
Self-changing Gears Ltd 


Salter 
Agency 


Sanderson Bros 


fdvert 


ng Lid 


Agency 
Al4 


Selson Machine Tool Co. Ltd., The Ate 
Agency S. C. Peacock Lid 
Sentinel (Shrewsbury) Ltd 
Agency J. Peers & Associates Lid 
Serck Radiators Led 
Agency —Longleys & Hoffmann Lid 
Sheffield Twist Drill & Stee! Co. Ltd, The At? 
Sherborne Rubber Co. Ltd.. The 
Agency Sinclair Advertising Agency 
Sintered Metal Components Ltd 
Agency —Jack White and Associates 
Smith, W.H., & Son Led Ass 
Spa Plastics Led As? 
Spear & Jackson Lid Alt 
Agency —Oelrichs Advertising Lid 
Spencer (Melksham) Lcd Aak 


Agency Trowbridge Pritchard & € lid 
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Standard Telepnones & Cabies Lcd 


Agenc vy—Brockie Hasiam & C« 

Star Foundry Led., The A60 
Agency—Tom C. Gough & Partners Lid 

Steel, J. M., & Co. Led AM 


Agency —Reynell & Son Lid 
Stone-Chance Ltd AB) 


Agency— Notley Advertising Lid 

Taylor, Taylor & Hobson Led Ai? 
Agency—Pitchiords Advertising Lid 

Teddington Industrial Equipment Led aie 
Agency —Crane’s Publicity Lid 

Terry, Herbert, & Sons Led Ais 
Agency-——John Haddon & Co. Lid 


Thompson, John, Water Tube Boilers Lid 
Agency — Rowlinson- Broughton 

Torrington Co. Led... The 
Agency —Osborne- Peacock Coa. Lid 

Tufnol Led Al’? 
Agency—Croaslev & Co. Lid 

Turner Brothers Asbestos Co. Led 


Agency— Donald Macdonald ( Advertising) Lid 
Turner, Ernest, & Co (Salford) Led Ag? 
Tyre Products Led As’ 

Agency —Rylee (Adveriising) Lid 


Uni-Tubes Led 
Agency —Frederick Aldridge lid 

Universal Conveyor Co. Led Ae 
Agency —John Halifax Lid 


Vaughan Crane Co. Ltd., The 


Vaughan, Edgar, & Co. itd 
Agency —Oldfield & Sharp 
Vickers-Armstrongs (Engineers) Led 
Agency—Technical & General Ads 
Victor Products (Walisend) Led 


dgency Lid 


Agency Doig Advertising Lid 
Vokes Led 
4gency Crane Publicity Lid 


Wakefield-Dick Industrial Oils Led 


Agence) Dorland Advertising Lid 

Walker, Crosweller & Co. Led AS} 
Agen vy — Beardmore Advertising Lid 

Walker, M. W., & Sceaff Led 
Agency Aifred Hates & Son Lid 

Wailpamur Co. Led. The AM’ 
4yency  Oshorne-Pea A¢ i 

Ward (Metal Details) Lad Ax 
Agenmy Beardmore Advertising lid 

Ward, Thos. W.. Led aAS® 
Agen Oelrichs Advert nel 

Weston, Chas. & Co Led A) 
Agen Cross-¢ ourtenay La 

Westool itd 
Agency ] ihhenham Put 

Whitehouse, Wm & Co Led 
4goemy Severn Put ty lad 

Whittaker, Mall & Co. (1929) Led 
4gem> Ingham Hatter worth 14 

Whale, T Sons Lid Ame 
4gencs Haird A Da» mila 


Whyte & Collins Led 
4geny Sandiv ook, Metcall A ¢ j 


Wilcow, Edward, & Co. Led 


Agency Donald Macdonald ( Advertising) 14 
Wolverhampton Ove Casting Co Led. The Au 
Agenmy Sterling Advertising Lid 
Wright, Bindiey & Gell Led 
Agency 1. J bowler Af lid 
WV ynstruments Ltd ” 
degen Aentle Advert ne il 
Zinc Alloy Rust-Proefing Co Lid Ae’ 
Zwicky Led 


Agency Richards & Thompoor 
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“‘Thermindex’’ Paints are temperature sensitive compounds 
which indicate by a sharp, clear cut change of colour when the tem- 
perature of a surface has attained or exceeded a predetermined 
value, so that information on the temperature of an entire su: face 
is given at a glance 

Write Dept. KL/5 for full technical details. 
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TEMPERATURE INDICATING PAINTS 











SOLE DISTRIBUTORS FOR EUROPE AND THE U.K. 


_ jy. M. STEEL & CO. LTD. | 
36-38 KINGSWAY, LONDON, W.C.2 | 


Tel. : HOLborn 2532/5 
| Branch Offices 

| 51 SOUTH KING ST., 45 NEWHALL ST., 

| MANCHESTER 2 BIRMINGHAM 3 

| Tel. : Deansgate 6077/9 Tel. : Central 6342/3 
Manufactured by Synthetic & Industrial Finishes Ltd. | 
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L. ROBINSON & CO. (GILLINGHAM) LTD., 
LONDON CHAMBERS, GILLINGHAM KENT., PHONE 5282 
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The Nitriding Process 

for Case—hardening 

Special Steels by 
Nitrogen offers 


@ Surface hardness up to 1100 D.P.H. 
@ Retention of full hardness after 
heating to 500° C. 


@ Maximum resistance to frictional 
wear and fatigue. 


@ '!mproved resistance to corrosion 
by water and steam. 


Particulars from:— 
NITRALLOY LIMITED 


ATLAS WORKS SHEFFIELD 4. 
Telephone: 26646 Sheffield. Telegrams: Nitralloy, Sheffield 
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50 years we have been 
producing countless Precision Repetition 
products in almost all metals and to the 
Newest addition to our 
service is a Cold Heading Section producing 
formed parts of a special nature—sizes fromm 


a 
WOR 


For over 
finiest limits 


k in. to § in. dia. and up to 6 in. long—i 
mild steel, high tensile steel and non-ferro.s 
metals. 


The DIAMOND 


Fully Approved | SCREW & COTTER Co. Ltd. 
| mal Cherrywood Road, Bordesley Gree, 
Board B'ham 9. "Phone ViCtoria 2748 PB 
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HYDRAULIC = FORTOX FLEXIBLE 
LEATHERS BELLOWS protect 
AND PACKINGS machinery and exclude dirt 


are manufactured for all types of All shape ze . 
systems fluids and pres- pre ee 

sures. Accuracy of manu- 

facture ensures positive seal- 

ing and long trouble free life. A 
range of silicone leathers and syn- f 
thetics is available for extreme fr 
conditions. Single items ] 


“f supplied promptly 
} gs ~ 
7 J 


HENRY BEAKBANE (FORTOX)LIMITED 
















eaten. Lonoon PT LLAs 


HEAD OFFICE AND TAMMERY 
THE TANNERY - STOURPORT OW SEVERN - WORCS , : STREET BOROUGH S$. E. I 


TELEPHONE STOUVRPORT 20/7 TEL EPH Ome “oF 





the 

end 

fee 
endless 
trouble 








Brammer V-Link Belting is built up of detachable and inter-char 


able links, to form a belt of any required length 


This unique construction climinates fatigue, the chief cause 


of solid Vee Belts 


Ease of joining up eliminates costly dismantling of machinet rouringe 
shafting, etc. when fitted 


Brammer V-Link Belting in action 1 demonstration of Vee Belt 


efficiency 





; 4 ‘ 
For economy, fit Brammer Vee-Link Belting for all ur Vee Hk 


BRAMMER 
Vee-Link Belting 
H. Brammer & Co. Ltd., Hudson Road, Leeds 9, England 


Drives 


























Open front L design 
affords maximum 
accessibility in setting- 


up and ample chip 


clearance. 


18mm. | jin. capacity 
in Metric (18L) and English 
(68L) versions as specified 
below. 


(25 mm, and lin. machines 
supplied to special order.) 


18L 68L 
(mm) (ins.) 
Chuck capacity : 
Round......... 18 0.75 
Hexagon 0.65 
Square 0.53 
Max. Bar Feed: 75 3.0 
Time to make one piece: 
(secs.) 2 to 561 
R.P.M. of Workspindle: 
40 to 4500 


Motor Drive: 5 h.p. 
1430 r.p.m. 














